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ABSTRACT
The study was concerned with the effect of a particular method 
on problem solving achievement in sixth grade arithmetic. Participating 
in vocabulary exercises, talking through problem situations, diagram­
ming or illustrating the problem, estimating the answers, and writing 
solutions were phases of the method. Personnel from eleven parishes 
of the state cooperated with a member of the State Department of Edu­
cation in conducting the study. Twenty-two teachers and seventy-four 
pairs of students participated in the study for eighteen weeks.
Method. Procedures used in conducting the study were as 
follows: (1) parishes were selected on the bases of the series of
textbooks in use, and the willingness of school personnel to participate; 
(2) teachers were selected and paired on the bases of degrees held, years 
of teaching experience, and their proficiency as teachers; (3) students 
from self-contained classrooms were paired with students from similar 
olassrooms within each parish on the bases of age, sex, intelligence 
quotient, and arithmetic achievement; (A) supervision for the study was 
provided by local supervisors and the state elementary supervisor; (5) 
the control group used techniques recommended in the teacher's guide of 
the Making Sure of Arithmetic series, and logs were kept when techniques 
used varied from those recommended in the guide; (6) the experimental 
group followed a plan which included suggestions for vocabulary exer­
cises, opportunities for talking through problem situations, diagrams
ix
and illustrations of problems, estimating answers, and writing solutions 
to the problems.
The California Test of Mental Maturity and the California Arith­
metic Reasoning Test were administered to both the control and the 
experimental groups in September, 1959, and the California Arithmetic
Reasoning Test was administered again in January, I960. Results of 
*
these achievement tests were tabulated and presented statistically for 
the total group of seventy-four pairs of students who represented the 
eleven parishes. Students within the seventy-four pairs were ranked 
according to grade placement and subdivided into the upper, middle, and
lower thirds so that differences in mean gains within these smaller
groups could be analyzed statistically. Finally, conclusions based on
the findings were reached.
Results. Data for the control and experimental groups were 
evaluated. For the control group the following facts were revealed.
Mean gains for the upper, middle, and lower thirds of the paired student 
were five-tenths, six-tenths, and seven-tenths of a year, respectively. 
For the experimental group the following facts were revealed. Mean 
gains for the upper, middle, and lower thirds of the paired students 
were seven-tenths, nine-tenths, and eight-tenthls of a year, respectively 
For all seventy-four pairs, mean gains for the control group were six- 
tenths of a year and for the experimental group, eight-tenths of a year.
Conclusions. The conclusions which follow seem justified on the 
basis of the data gathered during this study.
1. The method used with the experimental group was effective. The 
total experimental group and each of the subgroups made gains of seven-
tenths or more years in the four months of the study.
2. The method used with the control group was also effective. The 
total control and each of the three subgroups made gains of five-tenths 
or more years in the four months of the study.
3. The method used with the experimental group seemed slightly 
superior to that used with the control group. For the total sample, 
the differences in mean gains favoring the experimental group were 
significant at the .10 level. For the three subgroups, the differences 
in mean gain slightly favored the experimental group in each case.
However, the differences in mean gains were not statistically significant.
4. Further experimentation with a larger sample and a longer period 
of time is needed to determine whether the experimental procedures used 
in this study are consistently superior to procedures used with the 
control group.





Solving verbal problems is one aspect of teaching arithmetic 
which has caused teachers much concern. One reason for this concern 
is the fact that the reading of problems requires a type of reading 
which is different from many other forms of reading. Curry says 
that in reading problems "many students give every indication that 
they are merely repeating words and do not attach any meaning to 
these words."'1’ Some children develop habits of looking for cue 
words which indicate the process to use to solve the problem, and 
others simply pull numbers out of the problem which may be manipu­
lated in some way to give an answer.
Teachers throughout Louisiana have shown an awareness of 
these difficulties and have endeavored to find ways of helping their 
students. A3 a result of their efforts, repeated requests for help 
in teaching problems have reached the Louisiana State Department of 
Education. To assess objectively the nature and extent of help 
needed, the state elementary supervisor mailed questionnaires to 
supervisors of instruction in the parish and city school systems 
throughout Louisiana. The brief questionnaire asked two questions;
\john Foster Curry, "The Effect of Reading Instruction Upon 
Achievement in Seventh-Grade Arithmetic" (unpublished Doctor*s disser­
tation, Indiana University, August, 1955)» p» !•
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namely, (l) what types of difficulty do your students have with solving 
verbal problems in arithmetic? and (2) what are you doing as a school 
faculty to overcome these difficulties? After the questionnaires were 
returned, a tabulation was made of the types of difficulties which 
teachers listed most frequently. This tabulation served as an incentive 
for the state elementary supervisor to do extensive reading in each 
area of difficulty. The result was the writing of Elementary Pamphlet 
Number Five, entitled Helping Children Solve Arithmetic Problems which 
was issued by the State Department of Education in 1959*
The search through the literature for studies related to problem 
solving in arithmetic revealed the fact that few studies had been made 
experimentally with estimating answers, diagramming problems, or 
talking through the problem situation. This discovery led to the 
present study.
The Problem
The problem in the study was to determine the effect of a par­
ticular method on achievement in problem solving in sixth-grade 
arithmetic. This method, consisting of a systematic approach to the 
solution of arithmetic problems, was used consistently with the 
experimental group. Vocabulary study was emphasized at the beginning 
of each olass period when problems were to be solved. Word meanings, 
syllabication of words, synonyms, and crossword puzzles were variations 
of the vocabulary exercises. Following vocabulary study, emphasis was 
placed on talking or thinking through the total situation which the 
problem presented. A third phase of the method was emphasis on drawing
a simple diagram to indicate that the student understood the problem*
This phase was also stressed to help the student decide what arithmetic 
process should be used to solve the problem. Estimating a reasonable 
answer was the fourth phase of the method. Rounding off simple numbers 
early in the year was intended to prepare the student for estimating 
answers to more difficult problems later. The final phase of the method 
required each student to use paper and pencil to find the exact answer 
to the problems.
Delimitation and Scope of the Problem
The study included 696 pupils from the white elementary schools in 
eleven widely scattered parishes in Louisiana. Two regular classes of 
sixth-grade pupils in self-contained classrooms within each parish were 
used* one class serving as a control group and the other as an experi­
mental group.
Teachers for the two groups were paired as nearly as possible on 
the bases of preparation, experience, and the recommendations of local 
supervisors of instruction.
Further restrictions of the study dealt with the length of the 
study and materials which teachers were to use. The study was planned 
for the first semester of the school session 1959-1960. The problems 
used in the study by both groups of teachers were those found in the 
1952 edition of the Making Sure of Arithmetic series written by Morton, 
Gray, Springstun, and Schaaf and published by Silver Burdett Company. 
Teachers of both the experimental and control groups were instructed 
to follow closely the teacher’s guide and the textbook for coverage of 
all materials other than problems. Both groups of teachers devoted the
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same amount of time to the solution of problems found on pages 17, 29,
30, 38, 39, 47, 72, 73 , 74, 102, 104, 105, 114, 115, 127, 128, 144, 145, 
146, 147, and 165 of the text listed above. Techniques used by both 
experimental and control groups are explained fully in Chapter II of 
this study.
Definition of Terms
Rrpwrimwntal group. The term "experimental group" as used in 
this study refers to the eleven classes of pupils whose teachers followed 
the specific technique devised for this study (see Appendix A).
Control group. The eleven groups of students whose teachers 
followed the suggestions found in the Silver Burdett textbook and 
teacher*s guide are referred to as the "control group."
Problem solving. This term as used in this study refers to that 
phase of arithmetic in which pupils solve verbal problems.
Problems. The term "problem" refers to verbal reading materials 
which contain questions requiring a solution and which may or may not 
contain numbers.
Experience. This term is used to refer to the total number of 
years of teaching experience which the teachers have had prior to the 
beginning of this study.
Educational preparation. The term "educational preparation" 
refers to types of degrees which teachers have earned in preparation 
for teaching.
Need for the Study
Arithmetic is universally accepted as one of the fundamentals
which must be taught to American school children. Yet certain aspects 
of the teaching of arithmetic have given teachers a great deal of concern. 
Petty found that, "Complaints concerning the child’s lack of ability to 
solve problems dealing with quantitative situations come from many 
quarters."^ Clark and Eads indicated that the difficulty children have
with problem solving lies in their lack of ability to see the various
3relationships involved in the problem situation. In What Does Research 
Say About Arithmetic. Glennon and Hunnicutt suggest that inability to 
estimate reasonable answers is a difficulty.^
Several writers who have surveyed the research relating to 
elementary school arithmetic have indicated a need for experimental 
studies relating to problem solving. Sutherland states that, "Hanna 
made a careful analysis of 482 investigations in arithmetic that were 
reported by Buswell and Judd, including those investigations reported 
later by Buswell, and found that only six per cent of these studies 
dealt mainly with problem solving."'* She states further that, "Hanna’s 
analysis covered investigations up to 1928. Since that time the 
relative attention given to problem solving has changed only slightly
2Olan Petty, "Requiring Proof of Understanding," The Arithmetic 
Teacher. II (November, 1955), pp» 121-123*
3John Clark and Laura K. Eads, Guiding Arithmetic Learning 
(Yonkers-on-Hudson: World Book Company, 1954), p* 259*
^Vincent J. Glennon and C. W. Hunnicutt, What Does Research Say 
About Arithmetic? A Report Prepared for the Association for Supervision 
and Curriculum Development (Washington: National Education Association,
1958), p. 40.
"*Ethel Sutherland, One-Step Problem Patterns and Their Relation 
to Problem Solving in Arithmetic. Teachers College, Columbia University 
Contributions to Education, No. 925 (New York: Bureau of Publications,
1947), p. 2.
for the better."^
Weaver states, ". . . there have been all too few truly major
and significant research studies in arithmetic instruction during the
period, 1951-56. This is especially true if we think in terms of
experimental studies which deal directly with fundamental aspects of
7the learning process."
Many of the summaries of research relative to problem solving 
in arithmetic indicate a need for studies dealing with the role of 
reading ability. In The Encyclopedia of Educational Research. Wilson 
states, "The question of the nature of the reading instructions that 
should be given has received only limited attention, and further researchgis needed before any conclusions can be stated." Corle says, "Under­
standing the terms used in arithmetic is a definite factor in problem
solving efficiency. Teachers must insure familiarity with the vocabu-
9lary of verbal problems if effective problem solving is to result."
In a discussion of the nature of problem solving in arithmetic, 
Johnson pointed out that vocabulary is one of the main factors in a 
student’s ability to solve problems.^ As an example, a student can
6Ibid.
7J. Fred Weaver, "Six Years of Research on Arithmetic Instruction- 
1951-1956." The Arithmetic Teacher. IV (April, 1957), pp. 89-99*
8Guy M. Wilson, "Arithmetic," Encyclopedia of Educational Research 
(New York: The Macmillan Company, 1950), p. 54*
9Clyde G., Corle, "Thought Processes in Grade Six Problems," The 
Arithmetic Teacher. V (October, 1958), pp. 193-203.
^J. T. Johnson, "On the Nature of Problem Solving in Arithmetic," 
Journal of Educational Research. XLIII (October, 1949), pp. 110-115.
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hardly be expected to solve a problem dealing with the volume of a rec­
tangular solid unless he knows the meanings of volume and rectangular 
solid, and unless he knows a process for solving the problem.
Despite the fact that many types of studies dealing with problem
solving have been conducted, there is still need for studies in this
area. For example, studies are needed which relate to the way children
learn arithmetic concepts, the thought processes involved in solving
problems, and the manner in which children make choices regarding the
processes used. Stevenson has stated that more detailed research should
be undertaken to show how much time and effort should be expended in
giving pupils a method of attacking problems, in training them to estimate
answers, and in assisting them to understand technical words and other
phases of instruction.^ Spitzer and Flournoy state that students of
arithmetic teaching need to make studies to determine whether or not
proposed problem-solving improvement procedures found in children’s
12textbooks actually contribute to the student’s ability.
Monroe and Engelhart report a study by Stevenson in 1924 which 
stressed certain aspects of problem solving similar to those of this 
study. For a period of twelve weeks, Stevenson used 1027 fifth, sixth, 
and seventh-grade pupils who were taught to read and analyze problems 
and to estimate answers in round numbers. Part of the twelve weeks was
“ p. R. Stevenson, "Increasing the Ability to Solve Arithmetic 
Problems," Educational Research Bulletin, III (October, 1924), pp. 267-270.
12Herbert F. Spitzer and Frances Flournoy, "Developing Facility 
in Solving Verbal Problems," Ihe Arithmetic Teacher, III (November,
1956), pp. 177-182.
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used to have pupils state the problems in their own words, to solve 
problems without the use of numbers, to work a variety of problems -■
dealing with real life situations, and to estimate answers in round
13numbers. About Stevenson*s study Monroe end Engelhart say, nlhe gains 
in achievement are certainly significant. . . .  It is unfortunate that 
control groups were not used."44
Another indication that there is a need for a study of problem 
solving is the fact that children seem to have great difficulty with 
this phase of arithmetic. Spitzer, in the fiftieth yearbook of the 
National Society for the Study of Education, Part II, says that in spite 
of the emphasis on problem solving, there are no outstanding or easily 
recognized superior methods to be used.4"* Arthur also pointed up the 
fact that students are especially weak in interpreting problems.4^
Personal observations by the state elementary supervisor of 
teachers at work have revealed that pupils do better with computation 
than they do with problem solving. This may be due, as Spitzer points 
out, to the fact that problems in most cases are just examples and not
Walter S. Monroe and Max D. Engelhart, A Critical Summary of 
Research Relating to the Teaching of Arithmetic. University of Illinois, 
Bureau of Educational Research, Bulletin 58 (Urbana: University of
Illinois, 1931), p. 115.
14Ibid.. p. 115.
15Herbert F. Spitzer, "Learning and Teaching Arithmetic," The 
Teaching of Arithmetic. Fiftieth Yearbook of the National Society for 
the Study of Education, Part II (Chicago t The University of Chicago 
Press, 195}0» p. 139.
4^Lee E. Arthur, "Diagnosis of Disabilities in Arithmetic 
Essentials," Mathematics Teacher. XLIII (May, 1950), pp. 197-202.
9
17problems at all.
Since the studies mentioned above indicate a continuing need for 
research which deals with the teaching of arithmetic and particularly 
since no technique has proved to be outstandingly superior to others, 
the present study was undertaken*
Purpose of the Study
The purpose of this study was to test the application of a 
particular method for solving problems which utilized vocabulary study, 
talking through the problem situation, diagramming or illustrating the 
problem, and estimating the answer. In this study no effort was made 
to determine the effectiveness of each of the various phases of this 
process.
Procedures Used in Setting Up the Study
Four steps were taken in setting up the study. First, eleven 
parishes were selected to participate in the study. Second, teachers 
within each of these parishes were selected and paired. Third, students 
were paired according to age, sex, intelligence quotient, and arithmetic 
achievement. Fourth, supervisory procedures were determined. A brief 
explanation of each of these procedures follows.
Selecting the parishes. Two factors determined the choice of 
parishes for the study. First, the parishes selected were using the 1952 
edition of the Silver Burdett arithmetic series. Making Sure of Arithmetic. 
Second, leadership personnel in the parishes were willing to participate 
in the study.
17Spitzer, og. cit.. p. 139*
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The eleven parishes seemed sufficient for a fair sample since 
twenty-two classrooms provided approximately 700 pupils for pairing 
purposes*
Selecting and pairing of teachers. The problem of selecting and 
pairing teachers for this study was approached in two ways* In the 
first place, local supervisors selected four teachers in each of their 
parishes who seemed qualified to participate in the study. These 
teachers were asked to fill out copies of the data sheet found in 
Appendix C* From these four, two whose educational preparation and 
teaching experience seemed most closely matched were tentatively paired. 
Secondly, personal contacts were made by the state supervisor of ele­
mentary education with the various supervisors of instruction to determine 
if, in their opinions, the two teachers who had been tentatively paired 
were evenly matched*
Table I shows the qualifications and the extent of teaching 
experience of teachers who were paired in each of the eleven parishes. 
Teacher No* 1 is paired with teacher No* 1-A* All the teachers had a 
bachelor's degree and the range of their experiences was from three to 
twenty-seven years for the experimental group and from two to thirty- 
one years for the control group. The two teachers whose experiences 
were not similar, teachers No* 10 and No* 10-A, were paired because 
the parish supervisor recommended the younger teacher as being equally 
capable of doing an excellent job.
TABLE I
DEGREES HELD AND TEACHING EXPERIENCE OF PAIRED TEACHERS














1 B.S. in Psy. 
B.S. in Ed.
7 7 1-A B.S. in Ed. 
M.Ed.
4 4
2 B.A. in Ed. 13 21 2-A B.A. in Ed. 5 31
3 B.A. in Ed. 3 19 3-A B.A. in Ed. 6 13
4 B.A. in Ed. 
H.A.
1 5 4-A B.A. in Ed. 1 6
5 B.A. in Ed. 
M.Ed.
14 19 5-A B.A. in Ed. 
M.A.
5 12
6 B.A. in Ed. 
M.A.
13 27 6-A B.A. in Ed. H 32
7 B.A. in Ed. 
M.A.
11 26 7-A B.A. in Ed. 
M.Ed.
18 18
8 B.A. in Ed. 3 3 8-A B.A. in Ed. 2 2
9 B.S. in Ed. 
M.Ed.
7 9 9-A B.A. in Ed. 
M.A.
6 12
10 B.A. in Ed. 2 5 10-A B.A. in Ed. 20 22
11 B.A. in Ed. 14 20 11-A B.A. in Ed. 6 9
t—■ (-<
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Pairing of students. Efforts were made to pair students on the 
basis of comparable backgrounds and abilities. These students, from 
experimental and control groups within each parish, were paired on the 
bases of age, sex, intelligence quotient, and arithmetic achievement. 
Table II presents data on the pairing of students who ranked in the upper 
third of the sample at the beginning of the study. For example, in the 
table student No. 1 in the experimental group is paired with student No. 
1-A in the control group and student No. 2 with student No. 2-A. Student 
No. 1, a boy, 138 months old, with an intelligence quotient of 116 and a 
grade placement achievement score of 8.A years, i3 paired with student 
No. 1-A, a boy, 135 months old, having an intelligence quotient of 107 
and a grade placement achievement score of 8.4 years. Twenty-five pairs 
were similarly identified among the students in the upper third of the 
experimental and control groups.
The data presented in Table III represent the group of twenty- 
four pairs of students who made up the middle third of the sample. 
Students listed at the left from Nos. 26 to 49 were paired with students 
listed from Nos. 26-A to 49-A. For example, student No. 26, a boy, 131 
months old, with an intelligence quotient of 115 and a grade placement 
achievement score of 6.9 years, was paired with student No. 26-A, a boy, 
130 months old, with an intelligence quotient of 120 and a grade place­
ment achievement score of 6.9 years. The grade placement ranged from 
6.9 to 6.5 for students in the middle third of the experimental and 
control groups.
Table IV presents data pertaining to the pairs which make up 
students from the bottom third of the groups. The range of achievement 
scores in this group was from 6.5 to 4*8 years.
TABLE II
DATA PERTAINING TO UPPER THIRD OF PAIRED STUDENTS














1-A Boy 135 107 8 .1 1 Boy 138 116 8 .1
2-A Girl 130 111 7.7 2 Girl 139 120 7.7
3-A Boy 131 119 7.7 3 Boy 132 119 7.7
1-A Girl 130 121 7.7 1 Girl 135 118 7.7
5-A Girl 129 118 7.7 5 Girl 129 118 7.7
6-A Girl 133 115 7.7 6 Girl 138 110 7.7
7-A Boy 110 108 7.7 7 Boy 131 109 7.7
8-A Boy 132 109 7.7 8 Boy 129 107 7.7
9-A Boy 150 103 7.7 9 Boy 112 101 7.7
10-A Girl 131 125 7.1 10 Girl 136 129 7.1
11-A Boy 110 120 7.1 11 Boy 131 126 7.1
12-A Boy 110 111 7.1 12 Boy 130 120 7.1
13-A Girl 131 116 7.1 13 Girl 131 111 7.1
11-A Girl 129 109 7.1 ' 11 Girl 131 116 7.1
15-A Girl 135 119 7.1 15 Girl 129 111 7.1
16-A Boy 137 117 7.1 16 Boy 131 113 7.1
17-A Boy 137 101 7.1 17 Boy 137 112 7.1
18-A Girl 132 109 7.1 18 Girl 136 107 7.1
19-A Girl 132 111 7.1 19 Girl 136 103 7.1
20-A Girl 131 102 7.1 20 Girl 133 101 7.1
21-A Boy 110 119 6.9 21 Boy 131 127 6.9
22-A Girl 131 115 6.9 22 Girl 136 126 6.9
23-A Girl 120 120 6.9 23 Girl 129 126 6.9
21-A Girl 133 125 6.9 21 Girl 136 123 6.9
25-A Girl 137 125 6.9 25 Girl 132 120 6.9
K-*VjJ
TABLE III
DATA PERTAINING TO PAIRED STUDENTS IN THE MIDDLE THIRD OF THE SAMPLE














26-A Boy 130 120 6.9 26 Boy 131 115 6.9
27-A Girl 142 107 6.9 27 Girl 134 113 6.9
28-A Girl 132 111 6.9 | 28 Girl 140 110 6.9
29-A Girl 133 100 6.9 | 29 Girl 138 107 6.9
30-A Boy 134' 105 6.9 ! 30 Boy 130 105 6.9
31-A Boy 132 105 6.9 I 31 Boy 136 102 6.932-A Girl 132 117 6 .8 ! . 32 Girl 131 114 6 .8
33-A Girl 130 120 6.7 ; 33 Girl 135 116 6.7
34-A Boy 129 126 6.7 ! 34 Boy 129 115 6.7
35-A Girl 140 113 6.7 35 Girl 137 113 6.7
36-A Girl 129 117 6.7 36 Girl 134 111 6.7
37-A Girl 128 110 6.7 37 Girl 138 109 6.7
38-A Girl 135 109 6.7 ; 38 Girl 138 105 6.7
39-A Girl 129 115 6.7 i  39 Girl 129 105 6.7
40-A Girl 136 108 6.7 40 Girl 132 104 6.7
41-A Girl 138 107 6.7 . 41 Girl 139 102 6.7
42-A Girl 132 94 6.7 ; 42 Girl 140 95 6.7
43-A Girl 132 132 6.5 43 Girl 139 127 • 6.5
I.U-A Boy 137 112 6.5 44 Boy 134 114 6.5
4 5-A Girl 139 106 6.5 45 Girl 129 113 6.5
4 6-A Girl 137 113 6.5 46 Girl 139 113 6.5
47-A Boy 141 105 6.5 47 Boy 138 112 6.5
U S-A Girl 134 109 6.5 48 Girl 134 112 6.5
49-A Girl 138 115 6.5 49 Girl 133 112 6.5
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Procedure Used In Supervising the Study
Two types of supervision were used in the study. The first of 
these was supervision given by the local supervisor. With a control 
and an experimental group within each of the eleven parishes, the local 
supervisor was in a position to give close supervision to the study.
His responsibilities consisted of helping to initiate the experiment, 
giving needed assistance in response to requests for help, and parti­
cipating in a series of visits to the classrooms during the study. In 
this manner, both teachers within a parish had opportunities to receive 
similar assistance.
The second type of supervision was given by the state elementary 
supervisor. Provisions were made initially for him to meet with each 
of the twenty-two teachers to explain fully the experimental procedures 
and to answer questions pertaining to the study. Plans were made for 
one hour of visitation with each teacher during the early stages of the 
experiment. Following the visitation a discussion was held with the 
teacher and parish supervisor to answer questions which had arisen prior 
to the time of this visit. Teachers were asked to speak freely about 
difficulties which they faced or about concerns which they had regarding 
the specific method they were using. Suggestions were made that teachers 
seek help with any unforeseen difficulty by contacting either the local 
supervisor or the state elementary supervisor.
Organization for the Remainder of the Study
In the remainder of the study an analysis is made of the procedures 
used and the differences found as the result of using different procedures.
TABLE IV
DATA PERTAINING TO PAIRED STUDENTS IN THE LOWER THIRD OF THE SAMPLE
















50-A Girl . H I 98 6.5 : 50 Girl 134 105 6.5
51-A Boy H I 112 6.5 i 51 Boy 135 105 6.5
5 2-A Boy 135 95 6.5 52 Boy H 9 98 6.5
53-A Girl H O 104 6.5 53 Girl 134 98 6.5
54-A Boy H 6 101 6.5 54 Boy H  3 84 6.5
55-A Girl 137 109 6.3 55 Girl 137 111 6.3
56-A Girl 131 109 6.3 56 Girl 137 108 6.3
57-A Boy H5 105 6.3 57 Boy 136 108 6.3
58-A Boy 138 113 6.3 58 Boy 139 106 6.35 9-A Boy 139 112 6.3 59 Boy 135 104 6.3
60-A Girl H 6 92 6.3 60 Girl 137 101 6.3
61-A Girl 133 95 6.3 61 Girl 144 89 6.3
62-A Girl 136 100 6.3 62 Girl 136 97 6.3
63-A Boy 158 89 6.3 63 Boy 155 91 6.3
64-A Girl 128 112 6.1 64 Girl 139 115 6.1
65-A Boy 133 104 6.1 65 Boy 134 113 6.1
66—A Girl 131 100 6.1 66 Girl 133 98 6.1
67-A Girl 138 106 6.1 67 Girl 155 95 6.1
68-A Boy 138 102 6.1 68 Boy 151 91 6.1
69-A Girl H I 82 6.1 69 Girl 138 89 6.1
70-a Boy H 7 85 5.9 70 Boy 135 90 5.9
71-A Boy 147 75 5.3 71 Boy 138 90 5-3
72-A Girl 132 105 5.1 72 Girl 139 95 5.1
73-A Boy H 6 • 97 5.1 73 Boy H 6 92 5.1
74-A Boy 132 89 4.8 74 Boy 130 97 . 4.8
O'
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Chapter H  is entitled "Procedures Used During the Study by the Experi­
mental and Control Groups*" An attempt is made to show how these 
procedures were alike and the extent to which they differed.
Chapter III consists of a presentation and analysis of the 
results of the study. Tables in this chapter show the achievement of 
seventy-four pairs of students as a whole as well as achievement of the 
upper, middle, and lower thirds of the sample at the beginning of the 
study. Other tables present the progress made by each of the above 
groups. The analysis of the results indicates the statistical signifi­
cance of the differences in mean gains among the various groups.
In the final chapter, conclusions and recommendations are made.
CHAPTER II
PROCEDURES USED DURING THE STUDY BY TOE EXPERIMENTAL 
AND CONTROL GROUPS
The intent of Chapter II is to present the procedures which 
were used by both experimental and control groups in setting up this 
study. In this chapter an attempt is made to show that the only 
variable in the study was the method which was used by the experi­
mental group. Factors which were controlled are presented and a 
discussion of the difference between what control and experimental 
groups did is also presented.
Control of Various Factors
Special efforts were necessary to control all factors that might 
influence the results. As mentioned in the previous chapter, the 
students were paired on the bases of age, sex, intelligence quotient, 
and arithmetic reasoning achievement. The teachers were paired on the 
bases of training, experience, and proficiency in teaching. Furthermore, 
the local supervisors were asked to spend equal amounts of time super­
vising the experimental teacher and the control teacher in their parishes.
Even in the procedures used, a degree of control was maintained. 
Teachers of both groups were instructed to use the procedures suggested 
in the teacher's guide accompanying the Making Sure of Arithmetic series 
for all material not related to this study. They were instructed that
18
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the study would be limited to twenty-one pages of problems found in the 
1952 edition of the sixth-grade textbook, Making Sure of Arithmetic by 
Morton,’ Gray, Springstun, and Schaaf. These specific pagos were 17, 29, 
30, 38, 39, 47, 72, 73, 74, 102, 104, 105, 114, 115, 127, 128, 144, 145, 
146, 147, and 165* When a teacher reached any of these pages she was 
limited to one hour of class time for the entire page. No outside 
assignments related to these pages were permitted. For children needing 
special help additional assistance could be given in either of the groups. 
Teachers were asked to strive for a high degree of participation from all 
children so that results from slow, average, and advanced groups would be 
reliable.
Procedures Used by the Experimental Group
The systematic method which teachers of this group were instructed 
to use was mimeographed and presented to them as it appears in Appendix
A. Two phases of the method were followed. In the first place, a 
vocabulary drill was to precede the solution of any problems found on 
the pages listed above. Vocabulary drill appeared throughout the study 
in forms such as finding words within the problems, locating definitions 
in dictionaries, syllabicating words, matching words with meanings, 
solving crossword puzzles, writing antonyms, and locating compound words 
and synonyms. For the first ten minutes of class time the teacher was 
instructed to devote the attention of the entire class to one of these 
exercises. An example of one of these vocabulary drills is presented.
(See Appendix A for all exercises.)
Vocabulary Study - Have pupils read the problems to find the 
answers to the following questions. Discuss each orally.
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A* Find a word in problem one which describes the size of the 
horses, (miniature)
B. Of what materials were the elephants made? (wood, metal, clay, 
pottery)
C. Find the word which means the same as a group, (collection)
How often do you find this word on page 17? (4)
D. Find the word in problem two which means a small pattern.
(model)
In the second phase which was called solution of the problems, 
four procedures were recommended for each problem. These procedures were: 
(1) talking through the problem situation; (2) diagramming or illustrating 
the problem; (3) estimating the answer; and (4) solving the problem. 
Recommendations were made to the teachers regarding each of these tech­
niques for all the problems which appeared in the twenty-one pages of 
problems selected from Morton's book. Teachers were encouraged to vary 
the approach to meet needs of the individual students whom they taught, 
but they were requested to relate their variations to one of the four 
procedures just mentioned. A sample of the type of instruction given to 
the teacher for each of these four procedures is taken from problem number 
two which appears on page 165 of the sixth-grade textbook, Making Sure of 
Arithmetic. These instructions are presented here as they were given to 
the teachers in mimeographed form.
Problem No. 2 - At 26f a gallon, what is the cost of 15 gallons of 
gasoline?
A. Talking through the problem situation
Explain what the problem tells you. Will 15 gallons of gasoline 
fill the tank of your car? About how much does it cost to fill 
the gasoline tank of your car?
B. Diagramming or illustrating the problem
Have all pupils show by a diagram one gallon of gasoline marked 
26f, then a second and a third, etc. Ask if the process to
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use to solve the problem becomes apparent. Discuss this.
26* 26* 26*
Have at least two pupils illustrate what a gasoline tank on a 
car looks like— first empty and then filled with 15 gallons.
C. Estimating the answer
Show the pupils how to round off 26 to the nearest five. What 
part of a dollar is 25*? How much would the 15 gallons cost?
Ask the pupils for other ways to estimate the answer.
Examples:
1. There are four quarters in a dollar, and 15 quarters equals 
to .
2. If four gallons cost a dollar, 16 gallons will cost $A*00 
and 15 is one less than 16.
3> At 26* a gallon, ten gallons cost $2.60, five extra gallons 
cost half that much or $1.30. The total cost is $3*90.
Have the students explain their estimates. Show why 3ome are - 
very unreasonable.
D. Solving the problem
Have pupils work the problem. Could you have worked it another 
way?
Talking through the problem situation. When working through the 
first phase of these four procedures, teachers were instructed to help 
the children see the entire situation rather than just what was given or 
asked. When independent work was used this meant thinking through the 
entire problem rather than talking about it. As progress was made by the 
students, certain types of problems appeared which were difficult to 
diagram or illustrate. Part of the thinking through or talking through 
phase was used to determine if it were possible to diagram the problem. 
Long division problems were especially difficult to diagram.
Diagramming or illustrating the problem. Instructions to teachers 
regarding diagrams or illustrations were aimed at preventing students
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from wasting time by drawing elaborate and detailed pictures* Teachers 
were asked to help children show in their 3imple diagrams what process 
they would need to estimate the answer and consequently solve the problem* 
As shown on the previous page, when students had drawn three or more 
gallons of gasoline, they should be helped to recognize that either 
addition or multiplication would be used. Beyond a reasonable number 
of articles (four or five), the deduction should be made that multipli­
cation would be the best process to use* In another situation such as 
finding the cost for each of fourteen students who share the cost of a 
picnic amounting to $6*30, illustrating the process by the use of play 
money would be simpler than making a diagram. As the students observe 
the total of $6*30 being divided among fourteen of them, the process of 
dividing can be discovered by most students*
Estimating the answer. For some students estimating answers may 
prove simple whereas for others it may prove difficult. The teachers 
were instructed to keep this point in mind as they retaught the materials 
from the previous year which are listed generally at the beginning of most 
arithmetic texts* Rounding off numbers was encouraged with simple numbers 
such as sixteen plus nine. As numbers increased to amounts such as 3A65, 
rounding off was continued* Teachers were asked to develop these skills 
slowly for all students while at the same time they were encouraged to 
teach short-cuts in multiplication and division to the brighter students* 
Solving the problem* Finally, teachers were asked to make a fine 
distinction between estimating for a reasonable answer and actually 
solving the problem for an exact answer. With all problems the students
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were required to find the exact answer to see how close the estimate had 
been* Teachers were also requested to have the pupils answer the question 
which the problem asked when they had arrived at a written solution. As 
Clark and Eads point out, ". . . children need to see and to understand 
the various relationships involved in the problem situation.
Although Glennon and Hunnicutt, in their analysis of What Does
Research Say About Arithmetic?, point out that research such as that of
Burch and Hanna has shown that the use of an adult pattern of logic
usually consisting of five or six steps does not help children solve
problems, some attention was given to helping students develop some
2pattern for solving any or all problems which they encounter. To 
develop this skill on an individual basis, teachers were instructed at 
several points along the study to allow the students to do the work 
independently. Always the teachers were asked to allow time for expla-
J
nations of the work being done in order that misconceptions might be 
cleared away. By the end of the semester students were expected to be 
working almost completely without the teacher. Yet the teacher was to 
guide, check, and counsel students working independently and he was to 
provide a short period at the end of the lesson for clarification of 
difficulties which arose.
■\john Clark and Laura K. Eads, Guiding Arithmetic Learning 
(Yonkers-on-Hudson: World Book Company, 1954), P» 259.
2Vincent J. Glennon and C. W. Hunnicutt, What Does Research Say 
About Arithmetic? A Report Prepared for the Association for Supervision 
and Curriculum Development (Washington: National Education Association,
1958), p. 40.
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Procedures Used by the Control Group
Teachers of the control group were instructed to follow the 
directions presented in the textbook and those found in the Teacher*s 
Guide for Grade Six of the Making Sure of Arithmetic series, 1952 
edition. In addition, teachers were asked to use whatever techniques 
had proved successful for them in previous years. In order that the 
techniques used could be recorded, a log was requested of each teacher 
whenever the technique used departed from that suggested in the textbook 
or teacher*s guide.
Table V indicates the types of techniques suggested by Morton for 
teaching the twenty-one pages of problems used in this study. The tech­
nique, "read problems carefully," was suggested for pages 17, 29, 30,
38, 39* 47# 127, 128, 144, 145# and 147. Two very similar techniques, 
"read problems orally" and "re-read the problems carefully," were also 
suggested. "Read problems orally" was suggested for pages 104 and 105 
while "re-read the problems carefully" was suggested for page 146. 
"Selecting the correct process to use" was suggested for pages 30, 47#
73# 74# 127# and 128. Other techniques suggested were "practical applica­
tion of problems," "looking for a hidden question," "using one answer 
to solve another problem," and "estimating the answer." The latter of 
these appears only on pages 114, 115# and 165. For the experimental 
group estimating answers started with the first page and continued 
throughout the experiment.
TABLE V
TYPES OF TECHNIQUES SUGGESTED IN TEACHER’S GUIDE OF MAKING SURE OF 
ARITHMETIC FOR USE IN SOLVING 21 PAGES OF PRGBIEHS
Technique Page Technique Page
Read problems carefully 17 Practical application of fractions 102
Read problems carefully 29 Read problems orally 104
Look for a hidden question
Read problems carefully 30
Correct process to use Read problems orally 105
Look for a hidden question
Read problems carefully 38
What does the question ask? Estimating the answer 114
Seeing the whole idea
Estimating the answer 115
Read problems carefully 39
What does the question ask? Correct process to use 127
Seeing the whole idea Read problems carefully
Read problems carefully 47 Correct process to use 128
Correct process to use Read problems carefully
Checking the answer
Read problems carefully 144Practical application of problems 72 Read problems carefully 145
Correct process to use 73 Use one answer to solve another problem 146Practical application of problems Re-read problems carefully
Relationships between quantities Read problems carefully 147
Correct process to use 74 Use one answer to solve another problem
Practical application of problems
Relationships between quantities Estimating the answer 165
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A summary of the techniques listed in Table V is presented in 
Table VI along with the number of times each technique was suggested. 
"Reading problems carefully* was suggested eleven times out of a possible 
twenty-one times. "Selecting the correct process to use in order to 
solve the problem" was listed six times. "Estimating the answer" and 
"practical application of problems" were each listed three times.
Appearing two times each were "read problems orally," "finding out what 
the question asks," "seeing the whole idea of the problem," "relation­
ships between quantities," "looking for a hidden question," and "using 
one answer to solve another problem." Suggested only once were "checking 
the answer," "re-reading problems carefully," and "practical application 
of fractions."
Table VII shows the techniques which teachers of the control group 
used in addition to those presented in Table V. Also presented in the 
table is the number of teachers who used each technique for each page of 
problems. "Correct labeling" is the only technique listed which was used 
by at least one teacher with every set of problems throughout the study.
On page seventeen, "correct labeling" was used by three teachers.
"Checking answers" was another technique used quite often by many of the 
teachers. On page 115, this technique was used by four teachers. In 
addition to page 115, "checking answers" wa3 used on pages 29, 30, 72,
10/*, 105, 11A, 127, 128, 144, 145, 146, and 147. "Selecting the correct 
process to use" appears frequently, with three teachers using this technique 
on page twenty-nine. Other techniques which appear frequently are "making 
original problems," "selecting key words," and "reading problems carefully." 
Used less frequently are "what does the question ask," "showing
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TABLE VI
SUMMARY AND FREQUENCY OF TECHNIQUES SUGGESTED BY MORTON 
FOR TEACHING 21 PAGES OF PROBLEMS 
FROM SIXTH-GRADE TEXT
Techniques Frequency
Read problems carefully 11
Correct process to use 6
Practical application of problems 3
Estimating the answer 3
Read problems orally 2
Finding out what the question asks 2
Seeing the whole idea of the problem 2
Relationships between quantities 2
Looking for a hidden question 2
Using one answer to solve another problem 2
Re-read problems carefully 1
Checking the answer 1
Practical application of fractions 1
TABLE V H
TECHNIQUES USED FOR SOLVING 21 PAGES OF PROBLEMS USED B7 SEVERAL TEACHERS OF THE 






Correct labeling 17 3 Correct labeling 74 1
Following directions 1 Selecting key words for
Neatness 1 process to use 2
Correct process to use 2 Individual work 1
Correct labeling 29 1 Correct labeling 102 1
Checking answers 1 Asking the question another way 1
Correct process to use 3 Read problems carefully 1
Making original problems 2 Correct process to use 1
What does the question ask? 30 2 Correct labeling 104 2
Selecting key words for process Asking the question another way 1 .
to use 1 Making original problems 2
Correct labeling 2 Checking the answers 2
Checking answers 1
Showing relationships of addition 1 Correct labeling 105 1
to multiplication Asking the question another way 1
Working at the board 1
Correct labeling 38 1 Checking the answers 1
Selecting key words for process 1 Making original problems 1
to use
Correct process to use 3 Correct labeling 114 1
Making original problems l Making original problems 1
Reading problems carefully 2
Correct labeling 39 1 Checking answers 1
'Working at the blackboard 1







Correct labeling 4 7 2 Checking answers 115 4
Working at the blackboard 1 Reading problems carefully 1
Making original problems 1
Correct labeling 127 1
Correct labeling 72 1 Checking answers 3Reading problems carefully 1 Selecting key words for process
Checking answers 3 to use 1
Correct labeling 73 1 Correct labeling 128 1
Selecting key words for process Checking answers 3
to use 2
Neatness 1 Correct labeling 144 1
Reading problems carefully 3 Correct process to use 2
Checking answers 2
Correct labeling 145 1
Checking answers 3 Correct labeling 147 2
Correct process to use 2 Checking answers 2
Looking for hidden questions 1
Correct labeling 146 3
Looking for hidden question 1 Correct labeling 165 3
Checking answers 3
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relationships of addition to multiplication,” ’’individual work,” and 
”following directions.”
A nummary of the techniques listed in Table VII is presented in 
Table VIII. The techniques in the order of frequency with which they 
were used were: (1) correct labeling, (2) checking answers, (3) correct
process to use, (A) making original problems, (5) selecting key words 
for the process to use, (6) reading problems carefully, (7) asking the 
question another way, (8) neatness, (9) working at the blackboard,
(10) looking for hidden questions, (11) following directions, (2) what 
does the question ask, and (13) individual work.
Tables VI and VIII together present the total group of techniques 
which were used by the teachers of the control group.
A technique, such as ”checking answers,” mentioned only once in 
the teacher’s guide was listed thirteen times in Table VIII. This 
indicates that teachers were consistent in using techniques which were 
mentioned early in their guide. Although "correct labeling” was not 
mentioned in the teacher’s guide, teachers felt that it was a technique 
which should be used with each group of problems.
Differences Between What Experimental and Control Groups Did
The techniques presented in Tables V through VIII, which were used 
by the control group, indicate that some techniques were used with certain 
groups of problems but not with others. Furthermore, when a technique not 
mentioned in the teacher's guide for Making Sure of Arithmetic was used 
by a teacher of the control group, there was no assurance that this tech­
nique would be used by other teachers of the control group.
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TABLE VIII
SUMMARY AND FREQUENCY OF TECHNIQUES USED BY SEVERAL 
TEACHERS OF CONTROL GROUP FOR SOLVING 





Correct process to use 7
Making original problems 6
Selecting key words for process to use 5
Reading problems carefully 5
Asking the question another way 3
Neatness 2
Working at the blackboard 2
Looking for hidden questions 2
Following directions 1
What does the question ask 1
Showing relationships of addition to multiplication 1
Individual work 1
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Hie teachers of the experimental group were free to use all the 
techniques suggested by Morton in the teacher’s guide. In addition,
Table IX shows the techniques which were practiced consistently with the 
twenty-one pages of problems used in the study. "Vocabulary drill," 
"diagramming or illustrating the problem," "talking through the entire 
problem situation," "estimating answers," and "writing out solutions to 
problems" were practiced with each problem throughout the study. The 
first two of these, "vocabulary study" and "diagramming or illustrating 
the problem," were not listed as techniques used by the control group. 
"Heading problems carefully" was listed eleven times by teachers of the 
control group and twenty-one times by the experimental group. In addition, 
"estimating the answers" and "talking through the problem situation" were 
used only three and two times, respectively, by the control group. This 
contrasts sharply with the twenty-one times in which these two techniques 
were used by teachers of the experimental group. Both groups were con­
sistent in having students write the solutions to the problems.
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TABLE DC
SUMMARY AND FREQUENCY OF TECHNIQUES USED BY CONTROL 
AND EXPERIMENTAL GROUPS TO SOLVE 21 PAGES 
OF PROBLEMS
Frequency for Frequency for 
Techniques__________________Control Group Experimental Group
Vocabulary drills 0 21
Diagramming or illustrating the 
problem 0 21
Talking through the entire 
problem situation 2 21
Estimating answers 3 21
Reading problems carefully 11 21
Writing out solutions to problems 21 21
CHAPTER III
ORGANIZATION AND ANALYSIS OF THE RESULTS 
OF THE STUDY
In this chapter, the method of collecting the data is described, 
the levels of achievement are presented, and the tests for significance 
are applied for the total sample and for the upper, middle, and lower 
thirds.
Collection of Data
In September, 1959, teachers or supervisors were instructed to 
give intelligence tests and arithmetic reasoning achievement tests to 
the pupils participating in the study. Following the administering of 
the tests either the teacher or supervisor graded the tests. In one 
instance the tests were mailed to the state elementary supervisor to 
be graded by him. In all other instances the tests were returned with 
grade placement and/or intelligence quotients listed.
Cards were used to record the data listed on these tests. One 
card for each of the 696 students who were screened prior to pairing 
was prepared listing the student’s name, sex, age in months, intelligence 
quotient, and arithmetic achievement on the first test. When the students 
had been paired, the name of the student with whom each was paired was 
listed on the appropriate card. At the conclusion of the experiment, 
when the second form of the test was given, the arithmetic reasoning
3k
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achievement was again recorded.
On the bases of age, sex, intelligence quotient, and arithmetic 
achievement, 163 students were paired. By the end of the experiment ten 
pairs had been lost because ten students in the paired groups did not 
take the second test. In the original pairing, sex and arithmetic 
reasoning achievement were the same for paired students. The age in 
months fluctuated from no difference to as much as nine months difference. 
Intelligence quotients also fluctuated from no difference to nine points.
Evaluation of Grade Levels of Achievement
The achievement tests given at the beginning of the experiment 
revealed an average grade placement of six and seven-tenths years. Since 
only evenly paired students according to arithmetic achievement were used, 
the average grade placement was exactly the same at the beginning for 
both control and experimental groups.
In the paragraphs which follow data are presented which show 
gains or losses in grade placement for the upper, middle, and lower thirds 
of the paired groups, as well as for the total group of seventy-four 
pairs.
Upper third. Table X presents data on the upper third of the 
paired students of the control and experimental groups which were based 
on results of the California Arithmetic Achievement Test given in 
September, 1959, and January, I960. Gains or losses for each student 
are presented in the table.
Table XI gives a summary of gains and losses in grade placement 
in years made by the twenty-five pairs of students in the upper third of 
the sample. These results are based on the California Arithmetic
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TABLE X
DATA ON UPPER THIRD OF PAIRED STUDENTS OF THE CONTROL AND EXPERIMENTAL 
GROUPS SHOWING GAINS OR LOSSES IN ARITHMETIC ACHIEVEMENT 
AS DETERMINED BY THE CALIFORNIA ARITHMETIC 
ACHIEVEMENT TEST— FORM W IN SEPTEMBER,
1959, AND FORM X IN JANUARY, I960























1-A 8.4 8.4 . .0 1 8.4 8.7 .3
2-A 7.7 6.6 -1.1 2 7.7 9.1 1.4
3-A 7.7 10.0 2.3 3 7.7 8.4 .7
4-A 7.7 9.0 1.3 4 7.7 9.0 1.3
5-A 7.7 8.4 .7 5 7.7 9.6 1.9
6-A 7.7 9.0 1.3 6 7.7 6.9 -.8
7-A 7.7 7.7 .0 7 7.7 8.7 1.0
8-A 7.7 8.4 .7 8 7.7 7.4 -.3
9-A 7.7 7.4 -.3 9 7.7 8.1 *4
10-A 7.4 8.7 1.3 10 7.4 7.7 .3
11-A 7.4 9.0 1.6 11 7.4 7.8 .4
12-A 7.4 7.4 .0 12 7.4 9.0 1.6
13-A 7.4 7.7 .3 13 7.4 7.7 .3
14-A 7.1 6.5 -.6 14 7.1 7.1 .0
15-A 7.1 7.5 .4 15 7.1 7.3 .2
16-A 7.1 6.9 -.2 16 7.1 7.7 .6
17-A 7.1 8.1 1.0 17 7.1 9.0 1.9
18-A 7.1 7.1 .0 18 7.1 7.1 .0
19-A 7.1 7.7 .6 19 7.1 7.4 .3
20-A 7.1 8.1 1.0 20 7.1 7.0 -.1
21-A 6.9 8.1 1.2 21 6.9 8.7 1.8
22-A 6.9 9.0 2.1 22 6.9 8.7 1.8
23-A 6.9 6.9 .0 23 6.9 7.4 .5
24-A 6.9 7.7 .8 24 6.9 8.4 1.5
25-A 6.9 7.7 .8 25 6.9 9.0 2.1
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Reasoning Test (Form W) given in September, 1959> compared with Form X 
of the same test given in January, I960.
For the control group one student gained 2.3 years and another 
2.1 years. There were seven students who made gains of 1.0 years to 
1.6 years. Seven students showed a gain ranging from three-tenths 
years to eight-tenths years. Five students showed no gain or loss.
Four students lost from two-tenths of a year to one and one-tenth years.
In the experimental group gains and losses were similar to those 
of the control group. One student gained 2.1 years. Nine students 
gained from 1.0 years to 1*9 years. Ten students showed gains of two- 
tenths to seven-tenths years. Two students showed no gains or losses. 
Three students ranged from a loss of three-tenths of a year to a loss 
of eight-tenths of a year.
The mean gain for the control group was five-tenths of a year 
and for the experimental group it was seven-tenths of a year.
Middle third. Table XII presents data for the middle third of 
the paired groups of the control and experimental groups. These data 
were based on the California Arithmetic Achievement Tests which were 
administered in September, 1959» and January, I960. Grade placements on 
Form W of the test are similar for pupils No. 1-A and No. 1, as well as 
for the other paired students. Scores made on Form X of the test are 
presented for both groups and gains and losses are also recorded. For 
the control group a loss of six-tenths of a year was the lowest score 
recorded. In the experimental group a loss of two-tenths of a year was 
recorded for one student and a loss of four-tenths for another.
38
TABLE XI
SUMMARY OF GAINS AND LOSSES IN GRADE PLACEMENT IN ABILITY 
TO SOLVE PRQBLBiS FROM SEPTEMBER, 1959* TO 
JANUARY, I960, FOR THE CONTROL AND EXPERIMENTAL 
GROUPS OF UPPER THIRD OF PAIRS MADE ON THE 
CALIFORNIA ARITHMETIC REASONING TEST—
FORM W IN SEPTEMBER AND FORM X 
IN JANUARY
Control Group Experimental Group
Gains or Losses Number of Gains or Losses Number of
in Years Students in Years Students
2.3 1 2.1 12.1 1 1.9 2
1.6 1 1.8 2
1.3 3 1.6 1
1.2 1 1.5 1
1.0 2 1.4 1.8 2 1.3 1
.7 2 1.0 1
.6 1 .7 1
.4 1 .6 1
.3 1 .5 1
. .0 5 •4 2
-.2 1 .3 4
-.3 1 .2 1
-.6 1 .0 2




Gains *5 Total 25 Gains .7 Total 25
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TABLE XII
DATA ON KIDDIE THIRD OF PAIRED STUDENTS OF THE CONTROL AND EXPERIMENTAL 
GROUPS SHOWING GAINS OR LOSSES IN ARITHMETIC ACHIEVEMENT 
AS DETERMINED BT THE CALIFORNIA ARITHMETIC REASONING 
TEST, FORM W9 IN SEPTEMBER, 1959, AND FORM X 
IN JANUARY, I960























26-A 6.9 8.1 1.2 26 6.9 7.7 .8
27-A 6.9 8.1 1.2 27 6.9 7.4 .5
28-A 6.9 6.3 -.6 28 6.9 7.4 .5
29-A 6.9 7.1 .2 29 6.9 7.4 .5
30-A 6.9 6.9 .0 30 6.9 7.7 .8
31-A 6.9 7.1 .2 31 6.9 6.7 -.2
32-A 6.8 7.4 .6 32 6.8 6.9 .1
33-A 6.7 6.9 .2 33 6.7 6.7 .0
34-A 6.7 7.7 1.0 34 6.7 8.4 1.7
35-A 6.7 6.7 .0 35 6.7 8.4 1.7
36-A 6.7 8.4 1.7 36 6.7 8.4 1.7
37-A 6.7 7.1 .4 37 6.7 8.7 2.0
38-A 6.7 8.1 1.4 38 6.7 8.1 1.4
39-A 6.7 7.7 1.0 39 6.7 7.7 1.0
AO-A 6.7 7.4 .7 40 6.7 6.3 -.4
41-A 6.7 6.7 .0 41 6.7 8.4 1.7
42-A 6.7 6.7 .0 42 6.7 7.1 •U
A3-A 6.5 6.9 .4 43 6.5 7.4 .9
4A-A 6.5 7.1 .6 44 6.5 6.9 .4
A5-A 6.5 7.4 .9 45 6.5 -7.1 .6
A6-A 6.5 6.9 .4 46 6.5 6.5 .0
A7-A 6.5 6.7 .2 47 6.5 8.4 1.9
48- A 6.5 6.9 .4 48 6.5 8.7 2.2
49-A 6.5 7.8 1.3 49 6.5 6.8 .3
AO
The gains and losses in grade placement in problem solving ability
for the middle third of the paired groups are summarized in Table XIII.
The data in this table are based on a comparison of achievement made in 
the interval between original testing in September, 1959, and final 
testing in January, I960.
The students in the control group ranged from a gain of 1.7 years 
for one student to a loss of six-tenths of a year for one student. Four 
students showed no gain or loss during the experiment. The range in
grade placement for twelve students was from a gain of two-tenths of a
year to a gain of nine-tenths of a year. Seven students showed a gain
of more than nine-tenths of a year.
The students in the experimental group ranked slightly higher with 
two students making above two years' gains. Seven students showed gains 
of from 1.0 years to 1.9 years. The range in grade placement for eleven 
students was from one-tenth of a year's gain to nine-tenths of a year's 
gain. Two students showed no gain or loss and two students showed losses 
with the larger of these being four-tenths of a year.
The mean gain for the control group was six-tenths of a year and
for the experimental group it was nine-tenths of a year.
Lower third. The data showing gains or losses in achievement for 
the lower third of the paired students from the control and experimental 
groups are presented in Table XIV. Grade placement for paired students 
based on Form W of the California Achievement Test are similar. Varia­
tions in grade placement occurred when Fora X of the same test was given.
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TABLE XIII
SUMMARY OF GAINS AND LOSSES IN GRADE PLACEMENT IN ABILITY 
TO SOLVE PROBLEMS FROM SEPTEMBER, 1959, TO 
JANUARY, I960, FOR THE CONTROL AND EXPERIMENTAL 
CROUPS OF MIDDIE THIRD OF PAIRS MADE ON THE 
CALIFORNIA ARITHMETIC REASONING TEST—
FORM W IN SEPTEMBER AND FORM X 
IN JANUARY
Control Group Experimental Group
Gains or Losses Number of Gains or Losses Number of
in Years Students in Years Students
1.7 1 2.2 1
1.4 1 2.0 1
1.3 1 1.9 1
1.2 2 1.7 4
1.0 2 1.4 1
.9 1 1.0 1
.7 1 .9 1
.6 2 .8 2
•4 4 .6 1
.2 4 .5 3
.0 4 ' .4 2






Gains .6 Total 24
Mean
Gains .9 Total 24
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Student No. 70-A of the control group and students Nos. 50 and 65 of the 
experimental group each scored 8.1 years. Losses and gains for each of 
the paired students are presented in the table.
Table XV presents a summary of the distribution of gains and 
losses in grade placement in ability to solve problems for the twenty- 
five pairs of students for the lower third of the sample. Students 
from this lower group showed progress comparable to students from the 
middle and upper thirds of the sample.
In the control group, one student showed a gain of 2.2 years.
Eight students showed gains of from 1.1 years to 1.4 years. Fourteen 
students had made gains of from one-tenth of a year to eight-tenths 
of a year. One pupil showed a loss of two-tenths of a year, and the 
lowest pupil showed a loss of four-tenths year.
In the experimental group only one student made 2.0 years’ 
progress. Eight students made gains from 1.0 years to 1.8 years.
However, the students in the experimental group had gains up to 1.8 
years, while those of the control group had not exceeded 1.4 years.
In the experimental group gains from two-tenths of a year to nine- 
tenths of a year were made by twelve students. One student showed no 
gain or loss, and two students showed losses. The first of these lost 
two-tenths of a year, and the second lost four-tenths of a year.
The mean gain for the control group was seven-tenths of a yeart 
and for the experimental group it wa3 eight-tenths of a year.
Total group. To show a complete picture of the distribution of 
gains and losses in grade placement for all seventy-four pairs U3ed
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TABLE XIV
DATA ON LOWER THIRD OF PAIRED STUDENTS OF THE CONTROL AND EXPERIMENTAL 
GROUPS SHOWING GAINS OR LOSSES IN ARITHMETIC ACHIEVEMENT 
AS DETERMINED BY THE CALIFORNIA ARITHMETIC 
REASONING TEST, FORM W IN SEPTEMBER,
1959, AND FORM X IN JANUARY, I960
Control Group Experimental Group
Grade Grade Gain Grade Grade Gain
Student Placement Placement or Student Placement Placement or
Number on Form W on Form X Loss Number on Form W on Form X Loss
50-A 6.5 7.1 .6 50 6.5 8.1 1.6
51-A 6.5 7.7 1.2 51 6.5 6.5 .0
5 2-A 6.5 6.7 .2 52 6.5 7.1 .6
53-A 6.5 7.2 .7 53 6.5 6.8 .3
54-A 6.5 6.7 .2 54 6.5 7.4 .9
55-A 6.3 6.7 • 4 55 6.3 7.1 .8
5 6-A 6.3 7.1 .8 56 6.3 6.1 -.2
5 7-A 6.3 6.9 .6 57 6.3 7.7 1.4
58-A 6.3 7.4 1.1 58 6.3 7.1 .8
5 9-A 6.3 7.7 1.4 59 6.3 6.1 -.2
60-A 6.3 6.7 . 60 6.3 6.7 .4
61-A 6.3 5.9 -.4 61 6.3 7.7 1.4
6 2-A 6.3 6.5 .2 62 6.3 6.7
63-A 6.3 6.5 .2 63 6.3 7.1 .8
64-A 6.1 7.4 1.3 64 6.1 7.4 1.3
65-A 6.1 7.4 1.3 65 6.1 8.1 2.0
66-A 6.1 6.7 .6 66 6.1 7.9 1.8
67-A 6.1 6.5 .4 67 6.1 6.9 .8
68-A 6.1 6.2 .1 68 6.1 6.5 .4
69-A 6.1 5.9 -.2 69 6.1 5.7 -.4
70-A 5.9 8.1 2.2 70 5.9 6.9 1.0
71-A 5.3 6.1 .8 71 5.3 6.1 .8
72-A 5.1 6.2 1.1 72 5.1 6.3 1.2
73-A 5.1 6.5 1.4 73 5.1 6.7 1.6
74-A 4*8 6.1 1.3 74 4.8 5.0 .2
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TABLE XV
SUMMARY OF GAINS AND LOSSES IN GRADE PLACEMENT IN ABILITY 
TO SOLVE PROBLEMS FROM SEPTEMBER, 1959, TO 
JANUARY, I960, FOR THE LOWER THIRD OF THE 
PAIRED STUDENTS FOR THE CONTROL AND 
EXPERIMENTAL GROUPS MADE ON THE 
CALIFORNIA ARITHMETIC REASONING 
TEST— FORM W IN SEPTEMBER AND 
FORM X IN JANUARY
Control Group Experimental Group
Gains or Losses Number of Gains or Losses Number of
in Years Students in Years Students
2.2 1 2.0 1
1.4 2 1.8 1
1.3 3 1.6 2
1.2 1 1.4 2
1.1 2 1.3 1
.8 2 1.2 1
.7 1 1.0 1
.6 3 .9 1
.4 3 .8 5
.2 4 .6 1
.1 1 *4 3
-.2 1 .3 1





Gain .7 Total 25 Gain .8 Total 25
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in the study, Table XVI is presented. This table summarizes the gains 
and losses of the upper, middle, and lower thirds of the paired groups 
as shown in Tables XI, XIII, and XV.
In the control group, one student had a gain of 2.3 years, while 
a second pupil made 2.2 years' gain, and a third pupil, 2.1 years' gain. 
Twenty-two students ranged from 1.0 years' gain to 1.7 years. Thirty- 
three students had shown gains of from one-tenth of a year to nine-tenths 
of a year. Nine students showed no gain or loss. The remaining seven 
students had losses ranging from two-tenths of a year to 1.1 years. 
Two-thirds of the entire control group made gains of at least four- 
tenths of a year, the duration of the study.
The experimental group had four students making two or more 
years' progress. Two students made 2.0 years' gain, one student made 
2.1 years' gain, and one student made 2.2 years' gain. Compared to the 
twenty-two students of the control group who made gains of from one 
year to 1.9 years, there were twenty-four students from the experimental 
group in that category. Thirty-three students in the experimental group 
ranked from one-tenth of a year's gain to nine-tenths of a year's gain. 
Five students in this group showed no gain or loss and eight students 
showed losses from one-tenth of a year to eight-tenths of a year.
Only twenty-two of the seventy-four students of the experimental 
group made gains of less than four-tenths of a year.
Summary. In Tables XVII and XVIII are presented the mean grade 
placement and range in grade placement for students of the upper, middle, 
and lower thirds of the paired groups. The first of these, Table XVII, 
shows that the groups were exactly paired on the basis of arithmetic
TABLE XVI
DISTRIBUTION OF GAINS AND LOSSES IN GRADE PLACEMENT IN ABILITY 
TO SOLVE PROBLEMS FOR SEVENTY-FOUR PAIRS OF STUDENTS FROM 
THE CONTROL AND EXPERIMENTAL GROUPS BASED ON RESULTS 
OF THE CALIFORNIA ARITHMETIC REASONING TEST GIVEN 
IN SEPTEMBER, 1959, AND JANUARY, I960
Gains or Losses 
































Total 7A Total 7A
Mean Gain .6 Mean Gain .8
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reasoning achievement after the first form of the California Arithmetic 
Reasoning Achievement Test was given in September, 1959* Mean grade 
placement for the upper third for both control and experimental groups 
was 7*3 years. For the middle third, mean grade placement was 6.7» 
and for the lower third, it was 6.1. The range in grade placement for 
the upper third for both groups was from 6.9 years to 8.1 years. For 
the middle third, it was 6.5 years to 6.9 years, and for the lower 
third, it was from 1.8 years to 6.5 years.
Mean grade placement and range of grade placement after Form X 
of the test was administered are presented in Table XVIII. The control 
group had advanced to a mean grade placement of 7.9 years for the upper 
third; 7.3 for the middle third; and 6.8 for the lower third. The 
experimental group had an average grade placement of 8.1 years for the 
upper third; 7*6 years for the middle third; and 6.9 years for the 
lower third. For the control group, the range had increased from 6.5 
years to 9.0 years for the upper third; 6.3 to 8.7 for the middle third; 
and 5*9 to 8.1 for the lower third. In the experimental group, the 
range in grade placement for the upper third increased from 6.9 years 
to 9*6 years; in the middle third from 6.3 to 8.7; and in the lower 
third from 5»0 to 8.1.
Statistical Analysis of Data
Merely stating gains for both groups, as has been done here, does 
not indicate whether the slight superiority of the experimental group 
was due purely to chance or whether chance played little or no part in 
the results. Consequently, tests of significance were applied to the 
differences in mean gains. In this study, the null hypothesis that
TABLE XVII
AVERAGE GRADE PLACEMENT AND THE RANGE IN GRADE PLACEMENT FOR STUDENTS OF THE 
UPPER, MIDDLE AND LOWER THIRDS OF THE SEVENTY-FOUR PAIRS USED IN 
THE STUDY BASED ON CALIFORNIA ARITHMETIC REASONING TEST 
(FORM W) GIVEN IN SEPTEMBER, 1959
Upper Third Middle Third Lower Third
Upper Third Middle Third Lower Third Range in Range in Range in
Grade Grade Grade Grade Grade Grade
Group Placement Placement Placement Placement Placement Placement
Control 7.3 6.7 6.1 6.9 to 8.A 6.$ to 6.9 4.8 to 6.5
Experimental 7.3 6.7 6.1 6.9 to 8.4 6.5 to 6.9 4.8 to 6.5
TABLE XVIII
AVERAGE GRADE PLACEMENT AND THE RANGE IN GRADE PLACEMENT FOR STUDENTS OF THE 
UPPER, MIDDIE AND LOWER THIRDS OF THE SEVENTY-FOUR PAIRS USED IN 
THE STUDY BASED ON CALIFORNIA ARITHMETIC REASONING TEST 























Control 7.9 7.3 6.8 6.5 to 9»0 6 .3 to 8.7 5*9 to 8.1
Experimental 8.1 7.6 6.9 6.9 to 9.6 6.3 to 8.7 5*0 to 8.1
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there was no significant difference between the means was set up at the 
.10 level.
By way of illustration, Table XIX shows that the upper third of 
the students from the control groups were compared with their partners 
from the experimental group. The difference of gains made by the students 
in the upper third whose numbers appear in column one were computed by 
listing the gains or losses of the control students in the second column 
and the gains or losses of the experimental students whose numbers appear 
in column three in the fourth column. Next, the mean gains for control 
and experimental groups were computed. Column five, entitled D, refers 
to the differences in gains or losses between paired students of the 
control and experimental groups. In the last column are the squares of 
differences shown in column five. Application was then made to the 
formula from Basic Statistical Method by Downie and Heath'*' which follows:
d2 - i D2 - ( ̂ D )2 
N
2In this formula d refers to the sum of the squared mean differ­
ences. D refers to the differences in gains or losses between paired 
students of the control and experimental groups. N refers to the number 
of cases in the upper third of the sample. To find the sum of the 
squared mean differences the following computations were made.
£  d2 - 28.27 - (3.9)2
25
"̂N. M. Downie and R. W. Heath, Basic Statistical Method (New 
York: Harper and Brothers, 1959), pp» 123-141*
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TABLE XIX
DATA ON UPPER THIRD OF PAIRED STUDENTS OF THE CONTROL 
AND EXPERIMENTAL GROUPS FOR TESTING THE SIGNIFICANCE 
OF THE DIFFERENCE BETWEEN MEANS
Student
Number




Gains or Losses of 
Experimental Group *D D2
1-A .0 1 .3 .3 .09
2-A -1.1 2 1.4 2.5 6.25
3-A 2.3 3 .7 -1.6 2.56
4-A 1.3 4 1.3 .0 .0
5-A .7 5 1.9 1.2 1.44
6-A 1.3 6 -.8 -2.1 4.41
7-A .0 7 1.0 1.0 1.00
8-A .7 8 -.3 -1.0 1.00
9-A -.3 9 • A .7 .49
10-A 1.3 10 .3 -1.0 1.00
11-A 1.6 11 *4 -1.2 1.44
12-A .0 12 1.6 1.6 2.56
13-A .3 13 .3 .0 .0
14-A -.6 14 .0 .6 .36
15-A . .4 15 .2 -.2 .04
16-A -.2 16 .6 .8 .64
17-A 1.0 17 1.9 .9 .81
18-A .0 18 .0 .0 .0
19-A .6 19 .3 -.3 .09
20-A 1.0 20 -.1 -1.1 1.21
21-A 1.2 21 1.8 .6 .36
22-A 2.1 22 1.8 -.3 .09
23-A .0 23 .5 .5 .25
2A-A .8 24 1.5 .7 .49
25-A .8 25 2.1 1.3 1.69
Totals 15.2 19.1 3.9 28.27
Mean
Gain .5 *7
Difference in mean gain .2 years
52
£  d2 » 28.27 - (3.9)2
25
£  d2 - 28.27 - (15.21)
25
£ d2 - 28.27 - .61
d » 27.66£  2
The next requirement was to find the standard deviation of these differ­




Substituting: m I 27.66
2 k
Sd J< 1.15
S . - 1.08 d
Then the standard error of the mean difference was found.




Finally the t-score, which is the ratio of the difference between the 
mean to the standard error, was computed using the formula:
mean difference
standard error of mean difference
Substituting: t - *2
.22
t - .9 2
Since the table of critical ratios from Downie and Heath requires
2Ibid.. p. 265
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a t-score of 1.70 to be significant at the .10 level, the difference in 
mean gain for the upper third of the paired groups was not significant 
at the .10 level. Significance at the .10 level means that ten times 
out of 100, the difference could be due to chance alone.
Data similar to that of Table XIX are presented in Tables XX 
and XXI. Table XX shows the data pertaining to the middle third of the 
paired students for the control and experimental groups. Table XXI 
presents data related to the lower third of the paired students of both 
control and experimental groups. When these data on the differences 
between mean gains from both tables were applied to the formula from 
Downie and Heath’s book, Basic Statistical Method, neither the middle 
third, which had a t-score of 1.66, nor the lower third, which had a
3t-score of .43* proved statistically significant at the .10 level.
(See Table XXII.)
Table XXII shows the comparison of the mean gains of the upper, 
middle, and lower third of the control and experimental groups based on 
the results of the California Arithmetic Reasoning Tests. The first 
column shows the group under consideration. The second column indicates 
the mean gain of the control group for each of the three sets of pairs. 
The next column gives the mean gain of the experimental group for upper, 
middle, and lower thirds of the paired groups. The final column shows 
the critical ratio from which levels of significance are tested for the 
three groups. In the control group the mean gain for the upper third 
was five-tenths of a year; for the middle third it was six-tenths of a
TABLE XX
DATA ON MIDDLE THIRD OF PAIRED STUDENTS OF THE 
CONTROL AND EXPERIMENTAL GROUPS FOR TESTING 
THE SIGNIFICANCE OF THE DIFFERENCE 
BETWEEN MEANS
Student Gains or Losses 
Number of Control Group
Student
Number
Gains or Losses of 
Experimental Group *D D2
26-A 1.2 26 .8 -.4 .16
27-A 1.2 27 .5 -.7 .49
28-A -.6 28 .5 1.1 1.21
29-A .2 29 .5 .3 .09
30-A .0 30 .8 .8 • 64
31-A .2 31 -.2 -.4 .16
3 2-A .6 32 .1 -.5 .25
33-A .2 33 .0 -.2 .04
34-A 1.0 34 1.7 .7 .49
35-A .0 35 1.7 1.7 2.89
3 6-A 1.7 36 1.7 .0 .0
3 7-A •4 37 2.0 1.6 2.56
38-A 1.4 38 1.4 .0 .0
3 9-A 1.0 39 1.0 .0 .0
40-A .7 40 -.4 -1.1 1.21
41-A .0 41 1.7 1.7 2.89
42-A .0 42 .4 • A .16
43-A .4 43 .9 .5 .25
44-A .6 44 • 4 -.2 .04
45-A .9 45 .6 -.3 .09
46-A .4 46 .0 -.4 .16
47-A .2 47 1.9 1.7 2.89
48-A • 4 48 2.2 1.8 3.24











D refers to the differences in gains or losses between paired pupils 
of the control and experimental groups.
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TABLE XXI
DATA ON LOWER THIRD OF PAIRED STUDENTS OF THE CONTROL 
AND EXPERIMENTAL GROUPS FOR TESTING THE SIGNIFICANCE 
OF THE DIFFERENCE BETWEEN MEANS
Student Gains or Losses 
Number of Control Group
Student
Number
Gains or Losses of 
Experimental Group *D D2
50-A .6 50 1.6 1.0 1.00
51-A 1.2 51 .0 -1.2 1.44
52-A .2 52 .6 .4 .16
53-A .7 53 .3 -.4 .16
54-A .2 54 .9 .7 • 49
55-A .4 55 .8 • 4' .16
56-A .8 56 -.2 -1.0 1.00
57-A .6 57 1.4 .8 .64
5 8-A 1.1 58 .8 -.3 .09
59-A 1.4 59 -.2 -1.6 2.56
60-A .4 60 .4 .0 .0
■ 61-A -.4 61 1.4 1.8 3.24
62-A .2 62 .4 .2 .04
63-A .2 63 .8 .6 .36
64-A 1.3 64 1.3 .0 .0
65-A 1.3 65 2.0 .7 .49
66-A .6 66 1.8 1.2 1.44
67-A • 4 67 .8 .4 .16
68-A .1 68 .4 .3 .09
69-A -.2 69 “ * 4 -.2 .04
70-A 2.2 70 1 .0 -1.2 1.44
71-A .8 71 .8 .0 .0
72-A 1.1 72 1.2 .1 .01
73-A 1.4 73 ' 1.6 .2 .04








D refers to the difference in gains or losses between paired pupils 
of the control and experimental groups.
56
year, and for the lower third it was seven-tenths of a year. For the 
experimental group the upper third had a mean gain of seven-tenths of 
a year; the middle third had nine-tenths of a year; and the lower third 
had eight-tenths of a year. The differences in mean gains were two- 
tenths, three-tenths, and one-tenth, respectively, for the upper, middle, 
and lower groups. For the upper group a critical ratio of .9 was found; 
for the middle third 1.66 was found; and for the lower third .A3 was 
found. To test whether this difference in each case wa3 significant, 
the procedure suggested by Downie and Heath in their book, Basic Statistical 
Method, was used.^ None of these critical ratios met the test for signifi­
cance at the .10 level.
To see whether the study was significant when the total group of 
seventy-four pairs was used, the test for significance was applied to 
the data pertaining to them. When the test for significance was applied, 
the critical ratio was 1.83 • This meant that the study as a whole was 
significant at the .10 level. Table XXIII shows a comparison of mean 
gains of the seventy-four paired students based on the arithmetic rea­
soning tests given first in September, 1959» and again in January, I960.
As the table shows, both groups had a mean score of 6.7 years in September. 
By January the mean score for the control group had reached 7»3 years and 
that of the experimental group was 7»5* Ihe mean gain for the control 
group was six-tenths of a year and for the experimental group eight- 
tenths. This meant that the difference in mean gain favored the experi­




COMPARISON OF THE MEAN GAINS OF THE UPPER, MIDDLE AND
LOWER THIRDS OF THE CONTROL AND EXPERIMENTAL 
GROUPS ON THE CALIFORNIA ACHIEVEMENT 

















Upper third .5 .7 .2 .9 *N. S.
Middle third .6 .9 .3 1.66 ■H-N. S.
Lower third .7 .8 .1 • A3 N. S.
None of these meets the test for significance at the .10 level.
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TABLE XXIII
COMPARISON OF MEAN GAINS OF SEVENTY-FOUR PAIRS OF STUDENTS ON 
THE CALIFORNIA ARITHMETIC REASONING TEST GIVEN
IN SEPTEMBER, 1959, AND JANUARY, I960
Group
Mean Mean 











Control 6.7 7.3 .6
.2 1.83 .10
Experimental 6.7 7.5 .8
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.10 level for the total group can be explained by the fact that when a 
larger group is tested for significant results, greater accuracy is 
possible (
Briefly summarizing, Chapter III has presented the organization 
and analysis of data for the seventy-four pairs of students used in 
this study. An attempt was made to show the levels of achievement of
the students before the experiment began and gain or loss in achievement
made during the course of the study. Data were presented both in 
narrative form and in statistical form. The test for significance was. 
applied to the data for the upper, middle, and lower thirds of the paired
groups and finally with the entire group of seventy-four pairs.
CHAPTER IV 
SUMMARY AND CONCLUSIONS
This chapter presents a summary of the findings and the con­
clusions which are based on these data.
Summary
Ihe major aspects of the study which are part of the summary 
were as follows:
1. Purpose of the study
2. Procedures for the experimental group
3» Procedures for the control group
A. Control of various factors
5. Teacher and pupil pairing
6. Supervision of the study
7. Presentation of findings
Purpose of the study. Ihe purpose of this study was to determine 
the effect on achievement of a particular method of solving arithmetic
i
problems in the sixth grade.
Procedures for the experimental group. The teachers of the 
experimental group made a consistent effort to develop within the 
children a technique of solving problems. With each page of problems, 
students were instructed to spend ten minutes developing the vocabulary 
of the textbook through exercises which consisted of working with word 
meanings, syllabication, synonyms, crossword puzzles, or other techniques. 
Following vocabulary study, students were asked to read the first problem 
carefully in order to discuss the total situation which the problem
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presented. Soon after this discussion, all pupils were asked to draw a 
simple diagram to illustrate the thought expressed and possibly to 
indicate the process to use in solving the problem. As the teacher 
sensed readiness to move on, help was given in rounding-off numbers 
so that a reasonable answer could be estimated. A final phase of the 
procedure consisted of putting on paper the exact solution of the problem. 
Such a procedure was used consistently with every problem throughout the 
study by the experimental group regardless of whether the work was 
teacher-directed or done independently by the students.
Procedure for the control group. Teachers in the control group 
were instructed to adhere closely to the directions found in the Teacher's 
Guide of the Making Sure of Arithmetic series, 1952 edition. These 
teachers were also allowed to use specific techniques which had proved 
successful for them. Because these varied from teacher to teacher, a 
log was kept so that these variations could be compared with the instruc­
tions of the Teacher's Guide and with the procedure used by the experi­
mental group. In Chapter II, a tabulation was made of these variations. 
Those techniques which occurred most often were labeling correctly, 
checking answers, making original problems, selecting key words, and 
working at the chalkboard.
Control of various factors. To insure that the procedure used 
would be the only variable in the study, certain precautions were taken. 
Controls were placed on factors such a3 (l) length of time for each 
exercise; (2) homework which was assigned; (3) instructions regarding 
the teaching of concepts which occurred in the textbook between pages 
of problem; (A) attention given to the slow learners; and (5)
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participation by all children in each problem exercise.
Teacher and pupil pairing. Teachers and pupils were paired 
according to the criteria outlined in Chapter I. Twenty-two teachers, 
eleven serving as the control group and eleven serving as the experi­
mental group, were used. As closely as possible they were paired 
according to the types of degrees held, years of experience teaching 
sixth grade arithmetic, and total years of teaching experience. Eleven 
parishes were used with an experimental class and control class in 
each parish. Six hundred ninety-six students were screened to select 
subjects for the study. Of this number, 168 students were eventually 
paired according to sex, age, intelligence quotient, and arithmetic 
reasoning achievement. However, due to the fact that ten of the paired 
students did not take the second achievement test, only seventy-four 
pairs were used in presenting the results of this study.
Pairing of the students was accomplished only after tests had 
been administered and scored. In some instances parish supervisors 
of instruction administered and scored the California Mental Maturity 
Test and the California Arithmetic Reasoning Test. In other situations 
both tests were administered and scored by the classroom teachers. The 
state elementary supervisor scored two sets of tests for one parish. 
Following the scoring, graded tests were returned to the State Depart­
ment of Education. Information from the scored tests was recorded on 
cards and used in pairing the students into the seventy-four pairs 
mentioned above.
Supervision of the study. Supervision of the study was done 
by local supervisors of instruction and by the state supervisor of
elementary education. Close supervision was made possible through the 
assistance of local supervisors. In all eleven parishes, assistance 
to teachers was given when needed and informal reports of progress were 
made to the state elementary supervisor. For the state elementary 
supervisor, supervision was limited to an orientation session with the 
supervisors and a similar session with the teachers before the initiation 
of the study. A visit of one hour was also made to all the classes 
participating in the study.
Presentation of findings. Results of the study were based on the 
California Arithmetic Reasoning Achievement Tests which were administered 
in September, 1959, and January, I960. Scores made by the seventy-four 
pairs of students on the second achievement test were used to determine 
gains or losses on achievement made during the four-month interval. The 
students in the upper third of the control group had a mean gain of five- 
tenths years while the experimental group had a mean gain of seven-tenths 
of a year. For the middle third, the mean gain of the control group 
was six-tenths of a year compared to a mean gain of nine-tenths years 
for the experimental group. In the lower third the mean gain of the 
control group was seven-tenths of a year while the experimental group 
showed a mean gain of eight-tenths of a year. When all seventy-four 
pairs of students were grouped together, the mean gain of the control 
group was six-tenths of a year and for the experimental group it was 
eight-tenths of a year.
Tests of significance were applied to the results of the three 
groups of pairs and to the seventy-four pairs used in the entire study 
to determine whether the differences in gain in favor of the experimental
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group were statistically reliable. The results were not significant 
at the .10 level when the tests were applied to each small group 
separately. When applied to all seventy-four pairs, the results were 
significant at the .10 level.
Conclusions
The conclusions which follow seem justified on the basis of the 
data gathered during this study.
1. The method used with the experimental group was effective. The 
total experimental group and each of the subgroups made gains of seven- 
tenths or more years in the four months of the study.
2. The method used with the control group was also effective. The
total control group and each of the three subgroups made gains of five- 
tenths or more years in the four months of the study.
3. The method used with the experimental group seemed slightly 
superior to that used with the control group. For the total sample, 
the differences in mean gains favoring the experimental group were 
significant at the .10 level. For the three subgroups, the differences 
in mean gain slightly favored the experimental group in each case.
However, the differences in mean gains were not statistically significant.
4* Further experimentation with a larger sample and a longer period 
of time is needed to determine whether the experimental procedures used
in this study are consistently superior to procedures used with the
control group.
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INSTRUCTIONS FOR THE EXPERIMENTAL GROUP
Testing to pair the students will be done in September of 1959. 
The experiment will begin on the first day of the third week of the 
fall semester and will continue for eighteen weeks of the school 
session. Teachers should try to reach page 165 of the text by the 
beginning of the fourth six-weeks.
Teachers of group A will use the problems which are found in 
Making Sure of Arithmetic, 1952 edition, sixth grade level, and the 
particular instructions which were prepared for the study. The study 
will include the problems found in the textbook on pages 17, 29, 30,
38, 39, 47, 72, 73, 74, 102, 104, 105, 114, 115, 127, 128, H4, 145,
146, 147, and 165. All other materials between these pages contain 
concepts which must be taught before the next group of problems can 
be solved. Teachers will follow the suggestions of the Teacher’s Guide 
to teach these concepts.
Except for pupils who need extra help with problem solving, only 
one day should be spent with each page listed above. All arithmetic 
periods must be 60 minutes long and must be included in the daily 
schedule five days per week. There should be no opportunity periods at 
which time students can work arithmetic problems.
Teachers must make every effort to meet the needs of all pupils 
within the classroom. A high degree of participation should be expected 
from all. Slower ones need to succeed and brighter students should be 
challenged to look for different ways to solve problems.
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The systematic method which teachers will use consists of two 
phases. These are: (l) vocabulary study and (2) solution of the
problems. In the solution of problems, four 3teps will be emphasized:
1. Talking through the problem situation
2. Diagramming or illustrating the problems
3. Estimating the answer
A. Solving the problem
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LESSON - PAGE 17
I. Vocabulary Study - Have pupils read the problems to find the 
answers to the following questions. Discuss each orally.
A. Find a word in problem one which describes the size of the 
horses (miniature).
B. Of what materials were the elephants made? (wood, metal, 
clay, pottery).
C. Find the word which means the same as a group (collection).
How often do you find this word on page 17? (4)
D. Find the word in problem two which means a small pattern
(model).
II. Solution of the Problems
PROBLEM NO. 1: John’s hobby is collecting miniature horses. He
had collected 16 horses. During the summer he
added 9 more to his collection. How many does
he have now?
A. Talking through the problem situation
Tell me everything that you can about problem one. (Ask for
the boy’s name, his hobby, the number of horses collected 
and the time of year in which he added to his collection.)
What happens to your collection when you add to it? (it 
gets larger.) What is happening in this problem?
B. Diagramming or illustrating the problem
Ask the children to use an X to represent the number of horses
mentioned in the problem. To get them to see the process to
use in solving the answer, have them place the X's in groups 
a3 mentioned in the problem.
C. Estimating the answer
Ask the children to tell you how you could figure out the 
answer without paper and pencil. Begin here by asking for
another way to estimate the answer (Rounding off 16 to 15
and 9 to 10 and then adding 15 + 10 » 2 5).
D. Solving the problem
Have the pupils work the problem. Ask if some one worked it 
differently.
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PROBLEM NO, 2: John's father gave him three model horses that
are made of metal. One cost $12,75> another 
$8.50, and the third $6.95. How much did they 
cost altogether?
A. Talking through the problem situation
Have all pupils read the problem silently. Let them talk 
through the problem. Make sure they mention who is 
mentioned with John in the story. See if any of the pupils 
recall the cost of each of the three horses.
B. Diagramming or illustrating the problem
Again let an X represent the horses. Have two pupils draw 
the three X's on the board and put their prices next to them. 
Ask if anyone can tell what process you will use.
C. Estimating the answer
Take time to talk about $12.75* How-many dollars is this?
How many quarters are left over? Do this with $8.50 and 
with $6.95* Notice the $6.95 will have to be rounded off 
to $7.00. Ask the children how they think the answer could 
be estimated. Sample $12.00 + $.75
8.00 + .50 
7.00
$27.00 + $1725 - $28.25 
Some children may prefer rounding off each one to the nearest 
dollar - as $13-00  
9.00 
7.00
$29*00 less 3 quarters, or $28.25  
Enphasize that this is not the exact answer. Ask why?
D. Solving the problem
Let children solve the problem. Contrast the answer with some 
from C above. Show why it is different.
PROBLEM NO. 3 - For five small models John paid $.50, $.79, $.98, 
$.25, and $.69* What was their total cost?
A. Talking through the problem situation
Have one pupil tell the story here. Ask about the word total 
and its meaning.
B. Diagramming or illustrating the problem
Let 5 students go to the board. Assign the cost of one of the 
horses to each. Write these costs high above their heads on 
the board.
C. Estimating the answer
Ask each pupil to round his amount off to the nearest quarter 
50* - 2 79* " 3 98* - 4 25* “ 1 69* - 3
Ask someone to count the total number of quarters. Have the 
entire class figure that cost.
2 + 3 + 4 + 1 + 3 - 1 3 *  $.25 » $3.25
Another way to estimate is to round each of these off to the
nearest ten as .50, .80, 1.00, .30, and .70. Add these
together and your estimate is $3*30.
D. Solving the problem
Have the students work the problem. Ask for different ways 
to solve it.
PROBLEM NO. h i He saved money to buy other models to add to his 
collection. He saved $2.50, $1.63, and $.89 in 
three months. How much had he saved altogether?
A. Talking through the problem situation
Let one pupil tell what the problem is about. Ask how long
he plans to save money.
B. Diagramming or Illustrating the problem
Ask a pupil to illustrate to the class or to tell the class 
the difference between saving and spending.
C. Estimating the answer
Have all pupils round off the money to the nearest ten. This 
would be $2.50, $1.60, and $.90. Adding these we get an 
estimate of $5.00. Ask for some other way to estimate the 
answer.
D. Solving the problem
Check to see if different ways were used to solve the 
problem.
PROBLEM NO. 5* JohnTs brother had a collection of model elephant 
He has 12 carved out of wood, 9 made of metal,
5 molded out of clay, and A made out of pottery. 
How many does he have altogether?
73
A* Talking through the problem situation
Of what types of materials are the elephants made in this 
problem? How many are made of each material?
B. Diagramming or Illustrating the problem
Use lines drawn on the board to illustrate the number of 
elephants made with each material.
wood metal clay pottery
"ttil ' I m 1111
1111
11
Ask if the process to use is evident.
C. Estimating the answer
Round the numbers off to the nearest 5*
10 10 5 5 Total equals 30
Ask for the other ways to estimate.
D. Solving the problem
Have all the children solve the problem. Check for any 
difficulties.
PROBLEM NO. 6: John bought a glass case for his horse collection.
He paid $3.8$ for the case and 59$ for a small
lock. How much did he pay for both?
A. Talking through the problem situation
What did John do in this problem? Why do you think he did 
this?
B. Diagramming or illustrating the problem
Use the picture on page 17 to contrast the cost of the case 
with that of the lock.
C. Estimating the answer
Have the students round $3*85 to the nearest ten. Do the same 
with 59$» Have the students add $3*90 with 60$ orally.
Another way to estimate this would be to round off to the 
nearest half dollar. $3.85 = $4.00 and 59$ a .50, or a 
total of $4*50.
Solving the problem
Have the children work the problem. Help those who have 
difficulty. Contrast actual cost with estimated cost in 
step C above.
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LESSON - PAGE 29
I. Vocabulary Study - Ask pupils to work silently to find words in 
the problems on this page to fill in the blanks.
1: Air distance is usually less than ground distance.
2: Mileage is a word that expresses the distance between
two cities.
3: China is farther away than Canada.
A: Another way to say farther away is to say that its
distance is greater than the first.
5: In the directions at the top of this page direct means
straight.
II. Solution of the Problems
PROBLEM NO. 1: By air, it is 746 miles from Houston, Texas, to
Mexico City. By automobile, the distance is 
1130 miles. How much less is the distance by 
air?
A. Talking through the problem situation
Tell in your own words the story of this problem. Is it 
farther to go by air or by land? Locate both of these 
places on a map.
B. Diagramming or Illustrating the problem
Illustrate the reason why traveling by car would be farther 
than by air.
C. Estimating the answer
Round these two figures off to the nearest 50. 746 => 750
and 1130 *> 1150. Show the children how easy it is to find 
how much less 750 is than 1150. Call attention to the 
fact that the estimate helps you to know about how much 
your answer should be.
D. Solving the problem
Have the student solve the problem. Make sure they check 
their work and check against the estimate.
PROBLEM NO. 2: It is 724 miles by air from New York to Chicago.
The air-line distance across South America from 
Buenos Aires, Argentina, to Santiago, Chile, is 
699 miles. What is the difference in mileage?
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A# Talking through the problem situation
Have all students read the problem silently# Check to see if 
all of the information mentioned can be furnished by one or 
more students# Which distance looks further on the map on 
page 28?
B. Diagramming or illustrating the problem
Have a pupil draw a line which will represent 724 miles, such 
as
0 ______________________________________  724
and the same for 699 miles, as
0 _________________________________699
How do you think you should work this problem?
C. Estimating the answer
How could we estimate the answer to this problem? Ask a 
pupil to do this. Ask others to check his work.
D. Solving the problem
Have al 1 students work the problem.
PROBLEM NO. 3: By air, it is 713 miles from Chicago to Ottawa,
Canada, and 807 miles from Chicago to Montreal.
How much farther is Montreal from Chicago?
Ask the pupils to do silently the four steps as they have been 
doing. Check to see that all understand the process. You 
may need to help with the diagram. Also tell them to state 
in their own words what the problem tells them. Discuss the 
results.
PROBLEM NO. 4: It is 1448 miles by air from Seattle to Anchorage,
Alaska, and 1438 miles from Seattle to Winnipeg, 
Canada. How much greater is the distance to 
Anchorage?
A. Talking through the problem situation
Have a pupil use the map to show the thought expressed in this 
problem. Which of these two distances would be much greater 
by land?
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B. Diagramming or illustrating the problem
Let a pupil illustrate the distances on the board as in 
problem 2 above. What process is to be used to solve 
the problem?
C. Estimating the answer
What is the exact estimate for the difference in these two 
distances?
D* Solving the problem
Work and check the problem.
PROBLEM NO. 5: It is 2014 miles by air from New Orleans to
Caracas, Venezuela, and 68$ miles from New
Orleans to Havana, Cuba. How much greater 
is the distance to Caracas?
A. Talking through the problem situation
Have the students write one sentence to state the problem 
situation. Discuss several of the sentences.
B. Diagramming or illustrating the problem
Have one pupil draw a line and mark it from 0 to 2014 miles 
as follows:
0  ________________________________________ 2014
Have another pupil draw another line to show how 685 miles 
compare with 2014 miles.
0 __________________ 68$. Discuss the process to use.
C. Estimating the answer
Have the children round off to the nearest hundred. From this 
ask for several estimates. Question child about the reason 
for their estimate.
D. Solving the problem
Have children work and check their problems.
PROBLEM NO. 6: It is 2634 miles from Miami, Florida, to Lima,
Peru. From Miami to Buenos Aires, Argentina, it 
is 4576 miles. How much farther is Buenos Aires 
from Miami?
Have the children go through the four processes independently 
Make sure they do each step.
PROBLEM NO. 7: By air, it is 1532 miles from Panama to Mexico
City and 3311 miles from Panama to Rio de Janeiro 
What is the difference in these two distances?
A. Talking through the problem situation
A. Bt C. D.
Have the pupils do the problem independently also.
Check each step and have them check their answers.
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LESSON - PAGE 30
I. Vocabulary Study - Discuss orally with children.
1. Read the directions at the top of this page. What 2 words 
indicate the process to be used in solving the problems? 
(Add and subtract.)
2. The word in problem two which means things joined together 
is (combination).
3. Shipping weight is the weight of an item which is to be 
(shipped).
A. A word which means the opposite of sum is (difference).
II. Solution of the Problems
A. Talking through the problem situation
Ask the pupils to do these exercises independently. Have 
them write the general idea of what the problem situation 
is. Do this for one problem and then have them go on to 
Step B, Diagramming the problem. Each problem should be 
completed before the student goes on to the next one.
B. Diagramming or illustrating the problem
Use the same procedure as in 3tep A above.. Have the 
diagrams drawn on paper. Go on to Step C.
C. Estimating the answers
Ask the pupils to write their estimations on their work­
sheet. After all problems have been finished, di3CU3s 
the reasons for the estimates.
D. Solving the problems
Give enough time to allow most of the pupils to complete 
the problems. Take time (about the last 15 minutes of 
class time) to discuss the four steps of this process.
It may not be necessary to do this for all^the problems.
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IZSSON - PAGES 38-39
I. Vocabulary Study - (A) List the following words on the board. 






B. Have the pupils recall the words they have had before in 
vocabulary study. (Difference, mileage).
II. Solution of the Problems
PROBLEM NO. 1: A train like the one pictured above (page 38)
leaves Chicago each afternoon at 4 o’clock.
It arrives in Minneapolis at 10:45 in the 
evening. How long does it take to make the 
trip?
A. Talking through the problem situation
What is happening in this problem? Do you think it is very 
far from Chicago to Minneapolis? How could we find out? 
About how long would it take us to drive that far?
B. Diagramming or illustrating the problem
Construct a large clock on the board. Have several pupils 
manipulate hands to figure out how many hours it will take. 
What process is to be used?
C. Estimating the answer
How would you estimate the answer to this problem?
D. Solving the problem
Have all children work the problem. Recheck it by using 
the clock.
PROBLEM NO. 2: On this train there are 5 cars with glass domes.
There are 24 seats in each dome. What is the 
total number of passengers that can enjoy the 
view from these seats?
A. Talking through the problem situation
Tell the story of the problem in your own words. What is a 
dome? Find some domes in the pictures on page 38.
81
B. Diagramming or illustrating the problem
Have the students draw diagrams similar to those below 
to illustrate the number of seats in each dome.
C. Estimating the answer
Round each of the numbers above to 25. What easy way can 
you find the total number? How would you find the exact 
number? What process will you use to work the problem?
D. Solving the problem
Have the students solve the problem.
PROBLEM NO. 3: Three of the coaches have seats for 54 passengers
on the main floor. How many passengers can the 
3 coaches carry?
A. B. C. D.
Have the students do these four steps independently. Discuss 
the results before going on to problem 4 *
PROBLEM NO. 4: The observation car has 24 seats in the dome and
29 on the main floor. What is the total number 
of seats in this car?
A. Talking through the, problem situation
Tell about this problem. What is the difference between the 
dome and the main floor? How many more seat3 are on the 
main floor?
B. Diagramming or illustrating the problem
Have two pupils draw on the board illustrations of the dome 




C. Estimating the answer
Would it be possible to estimate this answer as we did with 
problem No. 2? How could we get a more exact estimate?
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D. Have pupils solve the problem and discuss the answer.
PROBLEM NO. 5: TMs train travels 437 miles between Chicago and
Minneapolis. The distance by air between these
two cities is 350 miles. What is the difference
in mileage?
A. B, C, D.
Have the students do these four steps independently. Discuss 
the results before going on to No. 6.
PROBLEM NO. 6: A round-trip coach ticket between Minneapolis and
Chicago coats $18.35* The tax is $2.75* What is
the total cost of the ticket?
A. Talking through the problem situation
What is meant by a round-trip? How much tax is to be paid on 
the ticket? Does this seem to be very high to you?
B. Diagramming or illustrating the problem
Have the pupils draw a rectangle such as follows:
$18.35 and $2.75 -
What process must you use for solving?
C. Estimating the answer
How would you find about how much it would cost for the entire 
ticket? About how many dollars would it cost?
$18.00 + $2.00 - $20.00
and 35$ + 75$ " more than $1 .00
so that the cost will be slightly over $21.00. Ask for other 
ways to estimate the answer.
D. Solving the problem
Have all pupils work the problem. What was the difference 
between the estimate and the exact answer.
PROBLEMS NOS. 7 and 8 (See page 39)
Let the children work these independently. Stress the need for 
doing all 4 steps. Help those who need help.
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LESSON - PAGE 17
I. Vocabulary Study - Have the pupils match the words at the right 
with the phrases at the left.
1. facts or knowledge a. depth
2. another way to add b. descent. -
3 . distance below the surface c. information
U» going from a higher to a lower place d. multiply
II. Solution of the Problems
PROBLEM NO. 1: Ralph paid $3*65 for a gallon of paint and 98f for
a paint brush. How much money did he spend in 
all?
A. Talking through the problem situation
Have the pupils read the problem silently. Let them read the 
question below it also. Have one pupil tell the problem in 
his own words.
B. Diagramming or illustrating the problem
Ask two pupils to use any two items in the room to show what 
happened in the problem. (Erasers for the brush— books for 
the gallon of paint.)
C. Estimating the answer
Have the pupils round off 98̂  to a dollar. Ask how much would 
you have if you added a dollar to $3*65. See if some of the 
pupils can tell you the exact cost of the two items.
D. Solving the problem
Have the pupils solve the problem.
PROBLEM NO. 2: Ralph gave the clerk a five-dollar bill. How much
change did he receive?
A. Talking through the problem situation
Have one pupil tell about this problem. How do you know that 
the $5.00 will be enough? Where do you look to see how much 
he spent?
B. Diagramming or illustrating the problem
Use play money to let children discover how much change they 
will receive.
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C. Estimating the answer
Round off the answer to No. 1 to the nearest quarter.
$4.65 - $4.75. Subtract $4*75 from $5.00 and you get .25.
Add 10$ to this and you get $.35* Ask the children to explain 
where the 10$ came from.
D. Solving the problem
Have the students solve and check the problem.
PROBLEM NO. 3s Jack bought 4 flower boxes at $1.49 each. How much 
did he pay for the 4 boxes?
A. Talking through the problem situation
Have 1 child tell the problem situation. Have another child 
check to see if anything was left out.
B. Diagramming or illustrating the problem
Let 2 children draw squares on the board and place the cost of 
the flower boxes in each square. Show that the process could 
be addition or multiplication.
C. Estimating the answer
Have all pupils round the $1.49 to the nearest half-dollar. Ask 
for estimates.
$1 .50 $1 .0 0 $ .50
+ 1 .50 or 1 .0 0 + .50
$3 .0 0 1 .0 0 .50
x2 1 .0 0 .50
$6 .00 $4 .0 0 + $2 .0 0
Ask if anyone can give the exact cost.
D. Solving the problem
Have the pupils work the problem and then check by comparing 
with other students.
PROBLEM NO.4: At one place near the Philippine Islands, the Pacific
Ocean is 35»400 feet deep. At a place near Puerto 
Rico, the Atlantic Ocean is 30,246 feet deep. What 
is the difference in depth?
A. Talking through the problem situation
After the children read the problem silently, talk about the 
problem. Place the 2 figures on the board. Talk about the 
2 oceans.
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B. Diagramming or illustrating the problem
Draw a diagram illustrating the depth of the Atlantic Ocean 
on the board. Have a pupil draw the depth of the Pacific 
Ocean above the first diagram. This will indicate the process 
to use.
C. Estimating the answer
Explain that in dealing with large numbers it is best to round 
off to the nearest hundred. Use 2 or 3 other illustrations 
to show how this is done. Have the students round off 35»400 
and 30,246. Let them subtract.
D. Solving the problem
Have the pupils work the problem. Check their answers.
PROBLEM NOS. 5, 6, 7, and 8 
A, B, C, D.
Have the pupils work these 4 problems independently. After all 
have finished, allow 4 pupils to explain the problems.
LESSON - PAGE 72
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I. Vocabulary Study - In a 10 minute period allow the students to use 
their books to find words to fill in the puzzle at the right.
1 2
a V e r a g e
I e i g
1. To divide a sum by 
the number of cases
2. The sum total
3. Community where you 
live
A. 12 times a year 
5. A piece of table-ware
m rnm
II. Solution of the Problems
PROBLEM NO. 1: There are 25 children in a science club. The total
amount of dues for the year is $12.50. How much 
does each child pay?
A. Talking through the problems
Have one child tell what the problem is about. Ask questions 
about a science club and dues.
B. Diagramming or Illustrating the problem
Use play money to show $12.50. Have several pupils tell what 
portion they take will be their dues. This should illustrate 
the division process.
C. Estimating the answer
From what was done in Section B, if students chose 5 0 ^ , have 
them multiply 25 times 5 and add zero at the end as:
25 x 5 - 125 + 0 - 1250
Another way to have them estimate is by dividing the $12.50
into quarters. This should give the exact answer.
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D. Solving the problem
Have the pupils solve the problem.
PROBLEM NO. 2: One Saturday 14 children had a neighborhood picnic.
The total cost of the food was $6.30. If the cost 
was shared equally, how much did each child pay?
A- Talking through the problem situation
Have the pupils talk about the problem. You may want to discuss 
plans for a picnic. Bring out the concept of sharing the cost.
B. Diagramming or illustrating the problems
Merely illustrate here the concept of taking $6.30 and sharing 
the cost.
C. Estimating the answer
Have the children estimate how many times 14 will go into $6.30 
by dividing 14 into 63.
D. Solving the problem
Have the pupil3 solve the problem. Let them check their answers.
PR0BU5M NO. 3s If a train travels 522 miles in 9 hours. Y/hat is 
the average number of miles traveled per hour?
A. Talking through the problem
See if anyone can recall the exact words in the problem. Ask 
if 522 miles seems to be a long distance to travel in 9 hours. 
Contrast this with traveling in a Jet plane.
B. Diagramming or Illustrating the problem
Have a pupil draw a line on the board to represent 522 miles.
Have another pupil separate this line into 9 parts. Ask if 
anyone can indicate the process to be used to solve the 
problem.
C. Estimating the answer
Ask (9 x ? » 522) or 522 divided by 9 gives about what?
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D. Solving the problem
Let the children solve the problem. Place the answer back on 
the diagram at the board. Let g of the class check the 
answer by adding. The other half can multiply to check.
PROBLEM NO. h i A steamship traveled 156 mileB in 19 hours. What 
was the average speed per hour?
A. Talking through the problem situation
Use this problem to show how it was similar to Number 3« Spend 
a little time with the word average to make sure they under­
stand that it is found by dividing.
B. Diagramming or illustrating the problem
Use a diagram similar to problem three to illustrate this 
problem.
C. Estimating the answer
Have the children round off 156 to the nearest ten or to 160. 
Have the children round off 19 to the nearest ten. Suggest 
that the pupils divide 20 into 160 or rather 2 into 16.
D. Solving the problem
Have the children solve the problem. Let them check the
answer in a way similar to number 3*
PROBLEM NO. 5* Mrs. Corley paid $21.00 for a dozen plates. What 
was the cost of one plate?
A. Talking through the problem situation
What did Mrs. Corley buy? How much did she pay?
B. Diagramming or illustrating the problem
Have a pupil draw circles on the board to show that the total
cost of 12 plates will be $21.0 0.
C. Estimating the answer
Try to help the children to see why the cost of each dish will 
be about so much. Ask a question like - How do you know that 
each plate will cost more than one dollar? Do you think it 
will cost $2.00? Why or why not?
D. Solving the problem
Have the children solve the problem. Check their answers
PROBLEMS NOS. 6, 7, and 8
A. B. C. and D.
Allow the children to work these independently. Be sure 
check to see that all k steps are followed.
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LESSON - PACE 73
I. Vocabulary Study - Ask the pupils to find words in the problems which 
mean:
1* A portion or part for each person, (share)
2. An instrument used to indicate true north, (compass)
3. Evenly balanced or shared, (equally)
4. The state of being connected or related, (relationship)
II. Solution of the Problems
A. Talking through the problem situation
Ask the pupils to do these exercises independently. Have them 
write the general idea of what the problem situation is. Do 
this for one problem and then have them go on to step B,
diagramming the problem. Each problem should be completed
before the student goes on to the next one.
B. Diagramming or illustrating the problem
Use the same procedure as in step A above. Have the diagrams
drawn on paper. Go on to step C.
C. Estimating the answers
Ask the pupils to write their estimations on their worksheet. 
After all problems have been finished, discuss the reasons for 
the estimates.
D. Solving the problems
Give enough time to allow most of the pupils to complete the 
problems. Take time (about the last 1$ minutes of class time) 
to discuss the four steps of this process. It may not be 
necessary to do this for all the problems.
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LESSON - PAGE 74
I. Vocabulary Study - Give the pupils time to find the meanings of the 
following words in the dictionary. Find them in the problems.







II. Solution of the Problems
PROBLEM NO. 7s Mount Whitney, in California, is the highest mountain
peak in the United States. It has an altitude of 
14,495 feet. Mount Mitchell, in North Carolina, 
with an altitude of 6,684 feet, is the highest peak 
east of the Mississippi. How much higher is Mount 
Whitney?
A. Talking through the problems
Ask the pupils several questions about the problem to see if 
they understand the idea presented in the problem. The use of
a map would be helpful in pointing to the places mentioned in
the problem.
B. Diagramming or illustrating the problem
Have a pupil draw on the board what he thinks would represent 
the height of Mount Whitney. Have another pupil draw under the 
first a diagram to show about how much less Mount Mitchell is.
C. Estimating the answer
Have the children round off both these ntmbers to the nearest 
thousand. You may also have them round off to the nearest 
hundred also. Show how much closer your estimate would be 
this way.
D. Solving the problem
Have the children solve the problem and check their answers.
PROBLEM NO. 8: The propeller of an airplane made 2,000 revolutions
a minute. How many revolutions were made in 15 
minutes?
A. Talking through the problem situation
Ask some pupils to state the problem. Follow this with a
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discussion of revolutions. Talk about how long the revolutions 
are to continue.
B. Diagramming or illustrating the problem
Suggest that one student try making revolutions with his arm 
for a few seconds. Show how different 2000 revolutions per 
minute would be. Draw out the process to be used.
C. Estimating the answer
Show hov/ the 2 in 2000 can be used to multiply the 15 to get 
your estimate. Take time here to illustrate how you multiply 
by 10, 100, or 1000.
D. Solving the problem
Let the pupils solve the problem to see that the estimate gave 
the exact answer.
PROBLEM NO. 9s Mr. Ross listed his house for sale at $20,000. He 
has been offered $17,875* This is how much less 
than the price he asked?
A. Talking through the problem situation
Have a pupil retell the problem in his own words. Talk about 
listing a house, getting offers and profit or loss.
B. Diagramming or illustrating the problem 
Draw two rectangles as follows:
$20,000
$17,875
Show the pupils that 17,000 is more than 3/4 of 20,000.
C. Estimating the answer
Have the children round 17,875 to the nearest hundred. Have 
them subtract the amount from $20,000. Ask someone to figure 
out how you could give the exact estimate. (By adding 25 to 
your first estimate.)
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D. Solving the problem
Have the pupils work and check their answers.
PROBLEM NO. 10: If the school cafeteria serves an average of 375
lunches a day, how many lunches are served in 
18 days?
A. Talking through the problem situation
Let a child restate the problem. Contrast 375 lunches with 
the number served in your school. How many days will the 
lunches be served?
B. Diagramming or illustrating the problem
Use three squares to illustrate the process to be used.
375 375 375
.lunches lunches lunches
To find the sum of these 3 squares we could add or multiply. 
To find the total of 18 squares we multiply.
C. Estimating the answer
Have the pupils round 375 to the nearest hundred and 18 to 
the nearest ten. Ask for estimates. Ask for opinions as to 
whether the exact answer will be larger or smaller than the 
estimate.
D. Solving the problem
Have the students 3olve and check the problem.
PROBLEM NO. 11: Mr. Pierce paid $59 for a movie camera, $85 for
a projector, and $15 for a screen. How much 
did he pay in all?
A. B« C. D.
Have the pupils work this problem independently using all U 
steps.
PR0BU3M NO. 12: He also paid $2.^2 for a roll of black and white
film and $3*85 for a roll of color film. How 
much did the two rolls cost?
Talking through the problem situation
Tell what Mr. Pierce is doing in the problem.
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B. Diagramming or illustrating the problem
Merely show the pupils that 2 rolls of film are being purchased. 
Let them figure out the process.
C. Estimating the answer
Use the process of rounding off for estimating the answer.
Start with the nearest fifty, that is, $2.50 and $4.00.
Go to a closer estimate by rounding off to the nearest ten 
as $2*40 and $3*90.
D* Solving the problem
Have the pupils solve and compare answers.
PROBLEMS 12, 13, 14, 15, 16, and 17
Have the pupils work the remaining problems. Check to see 
that the four 3teps are used.
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LESSON - PAGE 102
I. Vocabulary Study - Have the pupils find the words in the problems
which fit the category listed below.
1. 2 compound words (oatmeal, beehive)
2. A word with three syllables (chocolate)
3. A word with four syllables (altogether)
4. A word which tells what Mr. Taylor collected
II. Solution of the Problems
PROBLEM NO. 1: Ray lives in a farm 8 miles from town. To reach the
town, he has to walk 2 miles to the place where he 
can take the bus. What part of the distance does 
he have to walk? What part of the distance does 
he ride?
A. Talking through the problem situation
Have the pupils read the problem carefully. Ask for a restate­
ment of the problem. Discuss the fact that there are two 
problems in one. Bring out the idea of fractional parts.
B. Diagramming or illustrating the problem




Have a pupil draw heavy lines to represent fourths. Have a 
pupil shade one mile and then 2.
C. Estimating the answer
Ask children how they would estimate the answer. Show that 
estimating 2/8 “ 1/4 would be the same as solving the problem.
Do the same with the riding distance.
D. Solving the problem
Let the children solve the problem.
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PROBLEM NO* 2: Mrs. Cox bought a steak that weighed 2^ pounds
and a roast that weighed A 3/A pounds. How much 
meat did she buy?
A. Talking through the problem situation
Have a pupil state the problem. Is it similar to No. 1?
B. Diagramming or illustrating the problem
Use two items from the classroom to show that the process is 
addition.
C. Estimating the answer
Have the pupils round off the numbers to the nearest whole.
Ask for their estimation. Have the pupils use the numbers in 
the problem and (1) add the whole numbers, (2) add and reduce 
the fractions, and (3) combine the two results together.
D. Solving the problem
Have the students work the problem.
PROBLEM NO. 3: Jane bought 2/3 of a dozen oatmeal cookies and
2/3 of a dozen chocolate cookies. How many 
dozen cookies did she buy altogether?
A. Talking through the problem situation
Let the pupils tell what the situation is. You might ask 
what they need to do to solve this problem. Point out that 
this problem can be solved in more than one way.
B. Diagramming or Illustrating the problem
Have each pupil draw small circles on a sheet of paper to 
represent one dozen oatmeal cookies and one dozen chocolate 
cookies.
C. Estimating the answer
By dividing these cookies into thirds of a dozen, the pupil 
can find out how many cookies will be left over as well a3 
how many thirds are actually used. See if they can tell you 
two ways to estimate the answer.
D. Solving the problem
Have the students solve the problem. For those who are faster, 
have them solve it a second way.
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PROBLEM NO. A: Helen had 7/8 yard of plain gingham and 3/8 yard
of checked gingham. How much did she have in 
all?
A, B« C. D.
Have the pupils work this one independently. Stress the use 
of the diagram to help in their solution.
PROBLEM NO. 5: Mr. Taylor collected 27 3/A pounds of honey from
one beehive and 25 l/A pounds from another. How 
many more pounds did he collect from one hive 
than from the other?
Talking through the problem situation
Have a discussion of this problem. Stress the hazards as 
well as rewards to the owner. Mention the weight of the 
honey. Is that rather heavy?
B. Diagramming or illustrating the problem 
Use rectangles to show process.
27 3/A lb.
Have a pupil erase 25^ to show the amount left.
C. Estimating the answer
Let the pupils estimate the answer by subtracting mentally the.
25 from the 27 and l/A from 3/A.
D. Solving the problem
Let the pupils solve the problem.
PROBLEM NO. 6: Henry*s camera takes pictures that are 3i inches
long and 2^ inches wide. The pictures are how
much longer than they are wide?
A> By C, D »




LESSON - PAGE 10U
I. Vocabulary Study - Have the pupils find words in the problems which 





The word estimate means ___________________.
II. Solution of the Problems
PROBLEM NO. 1: Kenneth and George raised 108 chickens and sold
them for $1.35 each. They divided the money 
equally. How much did each boy receive?
A. Talking through the problem situation
Have the student read the problem carefully and then the 
suggestions for solving the problem which immediately 
follows. Have a pupil recall what the problem said. Have 
another state the suggestion. Have a third state both.
B. Diagramming or illustrating the problem
Illustrate the process to answer the first question by showing 
how to find the cost of 2 chickens, 3 chickens, or more 
chickens. Illustrate the last phase of separating the total 
amount of money by dividing a rectangle with the amount stated 
into 2 parts.
C. Estimating the answer
Round off $1.35 to $1.25* Ask children to estimate value of 
100 chickens and then the value of 8 chickens.
$1.25 x 100 - $125.00




Estimate half of $135*00 by rounding off to $1A0.00 and 
dividing by 2.
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D. Solving the problem
Have the pupils solve the problem. Stop their work at the end 
of the first part to check to see if all are doing it correctly. 
Do the second part.
PROBLEM NO. 2s The boys estimated their expenses in raising the 
chickens. Together they had paid $18.00 for the 
baby chicks and $35*00 for feed. If Kenneth and 
George each paid g of the expenses, how much had 
each boy paid?
A. Talking through the problem situation
Have a pupil restate the problem. Ask another what has to be 
done before the final answer can be found.
B. Diagramming or illustrating the problem
Use play money to help pupils see how much money was involved 
in the expenses. Have four pupils hold $10 bills, 2 hold 
$5 bills, two hold $1 bills, and two hold 50£ pieces.
C. Estimating the answer
Have a pupil separate the bills and change which the students 
are holding into 2 equal parts.
D. Solving the problem
Have the pupils solve the problem and discuss all parts of it.
PROBLEM NO. 3s Marjorie 3pent 53 cents for a dozen oranges, 40 
cents for a dozen lemons, and 15 cents for a head 
of lettuce. How much change did she receive from 
$2.00?
A t B, C, D.
Let the children work independently. Have them state the problem 
in their own words. Next, have them state the second question. 
Let them diagram their work by drawing coins and have them 
estimate and solve the problems.
PROBUM NO. 4 and 5
A. B. C. D.
Follow the independent procedure just mentioned above. Modify 
it to fit these two problems.
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LESSON - PAGE 105
I. Vocabulary Study - Have the pupils select the word to the right 
which best describes the word at the left.
1. Crate couple, curious, container, cease
2. Bushel money, a measure, a mistake, model
3. Separator a device to separate, a feeling, a guard, a season
A. Gasoline fuel, solid, object, blast
II. Solution of the Problems
A. Talking through the problem situation
Ask the pupils to do these exercises independently. Have them 
write the general idea of what the problem situation is. Do 
this for one problem and then have them go on to step B, 
diagramming the problem. Each problem should be completed 
before the student goes on to the next one.
B. Diagramming or illustrating the problem
Use the same procedure as in step A above. Have the diagrams 
drawn on paper. Go on to step C.
C. Estimating the answers
Ask the pupils to write their estimations on their worksheet. 
After all problems have been finished, discuss the reasons 
for the estimates.
D. Solving the problems
Give enough time to allow most of the pupils to complete the 
problems. Take time (about the last 15 minutes of class time) 
to discuss the four steps of this process. It may not be 
necessary to do this for all the problems.
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LESSON - PAGES 114-115








Have the pupils locate these words on these two pages.
II. Solution of the Problems
Talking through the problem situation
Ask the pupils to do these exercises independently. Have them 
write the general idea of what the problem situation is. Do 
this for one problem and then have them go on to step B, 
diagramming the problem. Each problem should be completed 
before the student goes on to the next one.
B. Diagramming or illustrating the problem
Use the same procedure as in step A above. Have the diagrams 
drawn on paper. Go on to step C.
C. Estimating the answers
Ask the pupil8 to write their estimations on their worksheet. 
After all problems have been finished, discuss the reasons 
for the estimates.
D. Solving the problems
Give enough time to allow most of the pupils to complete the 
problems. Take time (about the last 15 minutes of class time) 
to discuss the four steps of this process. It may not be 
necessary to do this for all the problems.
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LESSON - PAGE 127-128
I. Vocabulary Study - Have the pupils use the dictionary to find the 





Which of these four words is not found on page 127?
II. Solution of the Problems
PROBLEM NO. 1: At a church bazaar $161.26 was made from the sale 
of food and $92.1$ from the sale of aprons. What 
was the total amount of these sales?
A. Talking through the problem situation
Have a pupil retell the problem. Have him explain what a 
bazaar is.
B. Diagramm-ing or illustrating the problem
Use two rectangles to show the 2 amounts earned.
Food Aprons
$161.26 $92.1$
Ask for ideas about process to use. Place a + sign between 
the two amounts.
C. Estimating the answer
1. Use rounding off to nearest $100 for rough estimate.
2. Use rounding off to nearest dollar for a closer estimate.
If pupils have difficulty break $161.00 into $100.00 and 
$61.00. Add 61 + 92 and to this sum add 100.
D. Solving the problem
Have the children solve the problem.
PROBLEM NO. 2: How much more money was made from the sale of
food than from the sale of aprons?
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A. Talking through the problem situation
Have one of the slower pupils state the problem. Have him 
relate that this problem refers to No. 1.
B. Diagramming or Illustrating the problem
Have another pupil tell what you are trying to do in this 
problem that is different from No. 1. Let a pupil change the 
plus sign to a minus sign for the above problem.
C. Estimating the answer
Use the same figures you used in number one to estimate this 
answer for a rough estimate and for a close estimate.
D. Solving the problem
Have the pupils work and check the answers to the problem.
PROBLEM NO. 3: There were 1UU candy bars sold at 5 cents each.
How much was received for them?
A. Talking through the problem situation
Let one of the average pupils tell this problem. Ask him to 
explain what this would mean if it had happened to him.
B. Diagramming or Illustrating the problem
Use erasers to show how to find the cost of two, three, four
or more candy bars at 5$ each. Lead from addition to multipli­
cation.
C. Estimating the answer
Ask how many nickels make 1 dollar. Ask about how many times 
20 would go into 1L4» Ask pupils to estimate answers using 
this information. Have several placed on board to check to
see how these will compare with exact answers.
D. Solving the problem
Have the pupils solve the problem and compare their answers to 
the estimates on the board.
PROBLEM NO. A: The candy was bought for the sale at 3^ a bar. What
was the total cost?
104
A* Talking through the problem situation
Ask a pupil to restate the problem. A3k him to state what 
information is needed from problem No. 3»
B. Diagramming or illustrating the problem
Ask a pupil to explain how this problem can be illustrated in
a manner similar to problem No. 3*
C. Estimating the answer
Round 1 kh off to the next ten. Have pupils estimate the answer. 
Ask if anyone can figure the exact answer.
D. Solving the problem
Have the pupils solve the problem.
PROBLEM NO. 5? How much money was made from the sale of 144 candy
bars? Use the answers from problem 3 and 4.
A. Talking through the problem situation
Have a pupil tell how the answers to problem 3 and 4 will be 
used to solve No. 5*
B. C. D.
Have the pupils work these parts independently.
PROBLEM NOS. 6 and 7 and page 128
Have the pupils work the rest of these problems during the
remainder of the period. Have them stop and use the 4 steps
whenever they are in doubt about the process to use to 3olve
any of these.
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LESSON - PAGE 1U5
I. Vocabulary Study - Draw the cro3sword puzzle spaces on the board 
as indicated at right. Fill in with the correct words.
1. A roll of cloth






3. The past tense of bring 
A. To merit or deserve A
T
3
B R 0 U G H T
h
E A R N
II. Solution of the Problems
A. Talking through the problems
Ask the pupils to do these exercises independently. Have them
write the general idea of what the problem situation is. Do
this for one problem and then have them go on to step B, 
diagramming the problem. Each problem should be completed 
before the student goes on to the next one.
B. Diagramming or illustrating the problem
Use the same procedure as in step A above. Have the diagrams
drawn on paper. Go on to step C.
C. Estimating the answers
Ask the pupils to write their estimations on their worksheet. 
After all problems have been finished, discuss the reasons for 
the estimates.
D. Solving the problems
Give enough time to allow most of the pupils to complete the 
problems. Take time (about the last 15 minutes of class time) 
to discuss the four steps of this process. It may not be 
necessary to do this for all the problems.
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LESSON - PAGE 114
I. Vocabulary Study - Have the pupils react orally to the following 
questions.
1. How are the words difference and remainder alike?
2. What are some of the words in these problems that mean the 
children took a hike? (walk, followed, reach)
3. What is the occupation of the man whom the children met?
4. What is the difference between a mixed number and a proper 
fraction?
II. Solution of the Problem
PROBLEM NO. 1: On one hike a group of girls walked 4$ miles, on
another hike, 3& mile3 and on a third hike,
2 3/4 mile3. How far did they walk on the three 
hikes?
A. Talking through the problem situation
Have a girl state the problem as she understood it.
B. Diagramming or illustrating the problem
Let all pupils draw (using a ruler) three lines representing
the 3 hikes above. (Let 1 inch represent 1 mile.)
Let one pupil do this at the board in such a way that the
second hike starts where the first ended and similarly for
the third.
C. Estimating the answer
Have the pupils change £ to fourths and then add the fractions 
and reduce to miles. Next have them add the whole numbers.
Ask for estimations.
D. Solving the problem
Have the pupils solve the problem and compare with the 
estimates.
PROBLEM NO. 2s The girls spent 3 hours on the first hike. The 
second hike took 2 1/6 hours, and the third took
1 2/3 hours. How many hours did they spend on the
three hikes?
A. Talking through the problem situation
Have a pupil state this problem and show how it differs from 
No. 1.
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B. Diagramming or illustrating the problem
Use a clock to illustrate the time spent on these hikes, 
several pupils do thi3 by starting at a separate time.
C. Estimating the answer
Use the same technique as in C above.
D. Solving the problem
Have the pupils solve the problems.
PROBLEMS 3, U, 5, 6, and 7 
Ai_JBiLjCA__D.
Have
Have the pupils work these independently using the U steps. 
At the end of the work period let several pupils explain 
their work. Help those who need help.
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LESSON - PAGE U6










II. Solution of the Problems
A. Talking through the problem situation
Ask the pupils to do these exercises independently. Have them 
write the general idea of what the problem situation is. Do 
this for one problem and then have them go on to step B, 
diagramming the problem. Each problem should be completed 
before the student goes on to the next- one.
B. Diagramming or illustrating the problem
Use the same procedure as in step A above. Have the diagrams 
drawn on paper. Go on to step C.
C. Estimating the answers
A3k the pupils to write their estimations on their worksheet. 
After all problems have been finished, discuss the reasons for 
the estimates.
D. Solving the problems
Give enough time to allow most of the pupils to complete the 
problems. Take time (about the last 15 minutes of class time) 
to discuss the four 3t'eps of this process. It may not be 
necessary to do this for all the problems.
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LESSON - PAGE 147
I. Vocabulary Study - Have the students do the following exercises 
from dictation.
1. Find all the words with three syllables in problems 7, 11, and 
12.
2. Can you find a word in problem one which could have more than 
one meaning?
3. A word in problem 11 which means a trip is _________________.
II. Solution of the Problems
A. Talking through the problem situation
Ask the pupils to do these exercises independently. Have them 
write the general idea of what the problem situation is. Do 
this for one problem and then have them go on to step B, 
diagramming the problem. Each problem should be completed 
before the student goes on to the next one.
B. Diagramming or illustrating the problem
Use the 3ame procedure as in step A above. Have the diagrams 
drawn on paper. Go on to step C.
C. Estimating the answers
Ask the pupils to write their estimations on their worksheet. 
After all problems have been finished, discuss the reasons 
for the estimates.
D. Solving the problems
Give enough time to allow most of the pupils to complete the 
problems. Take time (about the last 15 minutes of class time) 
to discuss the four steps of this process. It may not be 
necessary to do this for all the problems.
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LESSON - PAGE 165
I. Vocabulary Study - Write a definition for the words or phrases on 
the left. Use a dictionary if necessary.
Rate -




Solution of the Problems
PROBLEM NO. 1: John can ride his bicycle at the rate of 12 miles
an hour. At this rate how far can he ride in
A5 minutes?
A. Talking through the problem situation
What actually is happening in the problem? Does 12 miles an 
hour seem very fast to you? Why or why not? How does this 
3peed compare with walking speed? Is John going to ride his 
bicycle for an entire hour?
B. Diagramming or illustrating the problem
Who can draw a line on the board to show how far John will 
travel in one hour?
Sample: Starting point ____________________________12 miles
Have 2 pupils illustrate that if John travelled an entire hour 
he would go further than if he only travelled A 5 minutes.
Samples Pupil A________ ,________ |________ ,_________ L1 hr.
Pupil B________ ,________ |________ l_A5 minutes
C. Estimating the answer
There are _________ minutes in one hour. A5 minutes is what part
of an hour? Will John go more or less than 12 miles? Estimate 
the answer and write it on your paper.
Ask several pupils to explain why they wrote the number they 
gave.
D. Solving the problem
Work the problem. Could you have worked it another way?
Ill
PROBLEM NO. 2: At 26$ a gallon, what is the cost of 15 gallons of
gasoline?
A. Talking through the problem situation
Explain what the problem tells you. Will 15 gallons of gasoline 
fill the tank of your car? About how much does it cost to fill 
the gas tank of your car?
B. Diagramming or illustrating the problem
Have al1 pupils show by a diagram 1 gallon of gasoline marked 
26$, then a second and a third, etc. Ask if the process to 
use to solve the problem becomes apparent. Discuss this.
26$ 26$ 26$
Have at least 2 pupils illustrate what a gas tank on a car 
looks like - first empty and then filled with 15 gallons.
C. Estimating the answer
Show the pupils how to round off 26 to the nearest five.
What part of a dollar is 25$? How much would the 15 gallons 
cost? Ask the pupils for other ways to estimate the answer.
Examples: 1. There are k quarters in a dollar, and 15 quarters
equals to'
2. If h gallons cost a dollar, 16 gallons will cost
$A.OO and 15 is one less than 16.
3. At 26$ a gallon 10 gallons cost $2.60, 5 extra
gallons cost half that much or $1.30. The total
cost is $3.90.
Have pupils explain their estimates. Show why some are very 
unreasonable.
D. Solving the problem
Have pupils work the problem. Could you have worked it another 
way?
PROBLEM NO. 3: If the price of coal is $15*20 a ton, what will be
the cost of 1/2 ton?
A. Talking through the problem situation
Ask what is actually happening in the story. Do we buy coal 
thi3 way in Louisiana? How much is a ton? Does coal seem to 
be very expensive?
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B. Diagramming or illustrating the problem
Have pupils diagram at the board 2 bins of coal such as:
$15.20
C. Estimating the answer
Round the $15.20 to $15.00. Have the pupils find half of $15 
and 20$ and then add the two together. Ask for other ways to 
estimate the answer.
Example: Divide $15.20 into two portions
$14.00 - $7.00 + $7.00 
$ 1.20 ■ $ .60 + $ .60 
Total $7.60 + $7.60 = $15.20
D. Solving the problem
Have all children work the problem. Ask if different ways 
were used.
PROBLEM NO. A: Boys1 socks are on sale at A9$ a pair. What will
six pairs cost?
A. Talking through the problem situation
Tell the story that this problem tells you. Have you ever been 
in a similar situation? Is the price asked in the problem 
about what you would have to pay for girl’s or boy’s socks?
B. Diagramming or illustrating the problem
Have a child pretend to sell 6 pairs of socks (use erasers, 
pencils or other objects) to another pupil. Have them go only 
so far as to say how much one pair costs.
Example:
1 *0 4 . S o  4
[So S04
C. Estimating the answer
Round A9$ to the nearest half-dollar. There are two half- 
dollars in each dollar. Ask for the number of half dollars 
needed to buy six pairs of socks. Show them that A9$ is 1 less 
than 50$ so they must subtract 6 from the total cost to find the 
exact cost.
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Ask pupils to try to estimate the answer some other way.
Example: Change 49£ to 50$ and multiply by 6.
D. Solving the problem
Have pupils work the problem. A3k if anyone can work it some 
other way.
PROBLEM NO. 5: Three tennis balls cost $1.47* At this price what
A. Talking through the problem situation
Ask pupils to tell what is happening in the problem. Ask if 
5 will cost more than 3*
B. Diagramming or illustrating the problem
Have all pupils illustrate how these balls might be displayed 
in a store with the price tag showing. Ask one or two pupils 
to draw a diagram showing how many balls are to be bought.
C. Estimating the answer \
Have pupils round $1.47 to the nearest dime. The answer should 
be $1.50. Ask what one ball would costi Have all pupils 
estimate the cost of 5 if one costs about 50$. Let a pupil 
show this cost in the diagrams at the right above. Ask if 
anyone can figure out how much the cost of each ball is over 
its actual price.
D. Solving the problem
Have pupils work the problem. Ask for other ways to work the 
problem.
PROBLEM NO. 6: If a dozen handkerchiefs cost $4.00, what will 3
Talking through the problem situation
Have a pupil tell what the problem situation is. Bring out 
the fact that there can be 4 groups of 3 handkerchiefs 
bought for $4.00.
B. Diagramming or illustrating the problem
Let the pupils draw a diagram showing four groups of three
will 5 tennis balls cost?






C. Estimating the answer
Ask the pupils to estimate the answer and to jot these down 
on a sheet of paper. Have one or more pupils give his 
estimate and give the reason for this estimate. (1/4 x $4.00 
$1.00). Ask for another way to estimate the answer. (1 hand­
kerchief costs______|______ ; 3 cost_____________).
D. Solving the problem
Have the pupils work the problem. See Teacher's Guide, page 
96 for follow-up to this lesson.
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APPENDIX B 
INSTRUCTIONS FOR THE CONTROL GROUP
Testing to pair the students will be done in September of 1959*
The experiment will begin on the first day of the third week of the fall 
semester and will continue for eighteen weeks of the school session. 
Teachers should try to reach page 165 of the text by the beginning of 
the fourth six-weeks.
Teachers of the control group will use the instructions to the 
teacherB for solving problems which are found in the textbook, Making Sure 
of Arithmetic. Grade 6, 1952 edition, and the Teacher*s Guide for Grade 
Six which accompanies the textbook.
Since this study is to determine the effect of a particular method 
on achievement in problem solving in sixth grade arithmetic, emphasis will 
be given to pages 17, 29, 30, 38, 39, 47, 72, 73, 74, 102, 104, 105, 114, 
115, 127, 128, 144, 145, 146, 147, and 165 of the textbook. All other 
material between these pages contain concepts which must be taught before 
the next group of problems can be solved. Teachers will follow the 
suggestion of the Teacher*s Guide to teach these concepts.
Except for pupils who need extra help with problem solving, only 
one day should be spent with each page listed above. All arithmetic 
periods must be 60 minutes long and must be included in the daily schedule 
five days per week. There should be no opportunity periods at which time 
students can work arithmetic problems.
Teachers must make every effort to meet the needs of all pupils 
within the classroom. A high degree of participation should be expected
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from all the pupils. Pupils who are slower than others should be given 
ample opportunities to succeed and brighter students should be challenged 
to look for different ways to solve problems.
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APPENDIX C
FACT SHEET ON ALL TEACHERS PARTICIPATING IN THE STUDY
Name of Teacher_______________________________ School____________
Type of Degree Held______________________________________________
Institution Granting Degree______________________ _______________
Date Degree Granted  _____________________________________
Years of Experience in Teaching 6th Grade Arithmetic___________
Number of Years of Teaching in Elementary Grades ______________
Other Types of Teaching Experience _____________________________
Recent In-Service Work in Teaching Arithmetic
VITA
Charles Joseph Faulk was b o m  in Cameron Parish on July 10,
1923* He received his elementary and secondary education in the public 
schools of that pariah. In September, 1940, he enrolled at Louisiana 
State University, where he studied toward a Bachelor of Science degree 
in Education. In April, 1943, World War II, interrupted his college 
training. After three years in the service, he returned to Louisiana 
State University in September of 1947* In January, 1948, he began to 
teach at Marion High School in Lake Charles while he continued to work 
towards his degree by correspondence. After receiving the Bachelor of 
Science degree in June, 1949, he attended Louisiana State University 
during summers until he received the Master of Education degree in 1951* 
His teaching experience has been varied. It began at Marion High 
School in Calcasieu Parish where he taught grades six and seven. He 
continued to serve as an elementary teacher, elementary principal, and 
supervisor of instruction in the Lake Charles City School System. He 
served one year as principal of a combined elementary and secondary 
school in Cameron Parish. Since February, 1957, he has served as 
Supervisor of Elementary Education for the Louisiana State Department 
of Education.
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